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Final  Report 
ENGINEERING  SOILS  MAP  OF  MARION  COUNTY 

TO:    J-.F-  McLaughlin,  Director         December  1,  197C 
Joint  Highway  Research  Project 

FtjriM.   u   i   u-  i       •.   -.     •  Project:   C-36-51B 

FROM:   H.  L.  Michael,  Associate  Director 

Joint  Highway  Research  Project      File:   1-5-2-59 
Th 


The  attached  report,  entitled  "Engineering  Soils  Map  o 
Harion  County,  Indiana",  completes  a  portion  of  the  project 


The  soils  mapping  of  Marion  County  was  performed  pri- 
marily by  using  the  soil  survey  map  sheets  published  by  the 
Soil  Conservation  Service,  United  States  Department  of  Agri- 
culture in  the  soil  survey  of  Marion  County.   Airphoto  inter- 
pretation techniques  were  used  to  supplement  the  pedological 
data   The  resulting  engineering  soils  map  is  presented  as  a 
black! l ne  print. 

Respectfully  submitted, 

Harold  L.  Michael 
Associate  Director 
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ENGINEERING  SOILS  MAP 

OF 

MARION  COUNTY,  INDIANA 


INTRODUCTION 

Development  of  an  Engineering  Soils  Map  of  Marion  County, 
Indiana  was  the  primary  goal  of  this  project.   The  map  is 
appended  to  this  report;  the  report  supplements  the  engineer- 
ing soils  map  information. 

The  detailed  pedological  soils  map  published  in  the  1972 
Interim  Soil  Survey  of  Marion  County  by  the  United  States  De- 
partment of  Agriculture  Soil  Conservation  Service  in  coopera- 
tion with  the  Purdue  University,  Agricultural  Experiment  Sta- 
tion (9)  was  the  single  most  important  source  of  data  used  in 
the  project.   These  agricultural  soils  map  sheets,  at  a  scale 
of  1:15840,  were  assembled  to  form  a  mosaic  map  of  Marion 
County.   Careful  study  of  the  soil  series  descriptions  enabled 
the  grouping  of  the  series  into  appropriate  land  form  and  parent 
material  categories.   Preliminary  land  form  and  parent  material 
boundaries  of  interest  to  engineers  and  planners  were  then 
delineated  on  the  mosaic  map. 

Routine  airphoto  interpretation  techniques  supplemented 
the  pedological  data.   Aerial  photographs  were  examined  and  the 
preliminary  boundaries  checked  and  modified,  if  necessary,  to 
produce  final  land  form  and  parent  material  boundaries.   The 
photographs  were  contact  prints  at  an  approximate  scale  of 
1:20,000.   Date  of  photography  was  1941. 


The  final  land  form  and  parent  material  boundaries  were 
graphically  reduced  to  produce  the  engineering  soils  map 
(1  inch  =  1  mile).   Symbols  were  used  to  delineate  the  parent 
material  as  grouped  according  to  land  form  and  origin. 
Textural  symbols  were  superimposed  to  indicate  the  relative 
compositions  of  the  parent  materials.   The  map  also  includes 
a  set  of  soil  profiles  which  indicate,  in  general,  the  soil 
profiles  of  topographically  high  and  low  sites  in  the  land 
form  -  parent  material  areas. 

Each  profile  shows  the  general  range  in  depth  and  texture 
of  each  horizon  -  the  A-,  B-,  and  C-  horizons  -  the  latter 
being  the  parent  material.   The  soil  texture  classification 
system  used  in  the  map  profiles  is  that  of  the  Indiana  State 
Highway  Commission  (the  ISHC  soil  classification  system  chart 
is  shown  on  the  map  in  the  lower  right  hand  corner).   The  ISHC 
system  differs  slightly  from  the  USDA  system  so  that  the  use 
of  USDA  textures  have  to  be  converted  to  the   ISHC  textures  - 
for  example,  a  USDA  classified  loam  could  be  a  loam  or  a  clay 
loam  under  the  ISHC  system. 

The  soil  profiles  portrayed  on  the  engineering  soils  map 
have  been  numbered.   Areas  on  the  soils  map  have  corresponding 
numbers  to  indicate  the  soil  profile  for  that  particular  soil 
area. 

In  the  text  of  the  report,  pedological  soil  names  have  been 
provided  for  each  parent  material  soil  area  shown  on  the  map. 
In  Appendix  A  quantitative  engineering  soil  test  data  is  pro- 
vided for  each  pedological  soil  name.   In  Appendix  B  quantita- 
tive data  as  to  soil  problems  and  certain  advantageous  soil 


uses  are  provided  according  to  pedological  soil  names.   In 
Appendix  C,  soil  boring  data  obtained  from  the  construction 
of  the  interstate  system  within  Marion  County  are  provided  (1) 
Appendix  D  contains  information  on  the  lithology  of  the  bed- 
rock surface  throughout  the  county  based  on  well  logs  (11). 


DESCRIPTION  OF  THE  AREA 


General 


Marion  County  is  located  in  central  Indiana  (see  Figure  1). 
Indianapolis,  which  is  in  the  center  of  the  county,  is  the 
largest  city  in  Indiana  and  the  fifth  largest  city  in  the  nation 
not  located  on  navigable  water.   It  is  the  county  seat  of 
Marion  County  as  well  as  the  state  capital. 

Marion  County  is  bounded  on  the  north  by  Hamilton  and 
Boone  Counties,  on  the  east  by  Shelby  and  Hancock,  on  the  south 
by  Johnson  and  Morgan  and  on  the  west  by  Hendricks  County.   It 
comprises  an  area  of  256,000  acres  or  about  400  square  miles 
(1035.5  square  kilometers).   Marion  County  has  dimensions  of 
approximately  20  miles  (32.2  kilometers)  both  east-west  and 
north-south  (3). 


Drainage  Features 

Drainage  features  of  Marion  County  are  shown  in  Figure  2, 
"Drainage  Map  -  Marion  County,  Indiana",  prepared  by  the  Joint 
Highway  Research  Project,  Purdue  University,  1954  (16).   Larger 
scale  maps  of  one  inch  to  the  mile,  or  one  inch  to  two  miles, 
can  be  obtained  by  contacting  Joint  Highway  Research  Project, 


WHITLEY  ALLEN 


FIGURE    I:      LOCATION     MAP     OF    MARION     CO. 


School  of  Civil  Engineering,  Purdue  University,  West  Lafayette, 
Indiana,  47907. 

Interstate  routes  1-465,  1-65,  1-70,  and  1-74  were  con- 
structed after  the  drainage  map  was  printed  and,  therefore, 
they  do  not  appear  on  the  drainage  map.   Undoubtedly  drainage 
systems  for  the  interstate  produced  numerous  changes  in  the 
immediate  vicinity  and,  of  course,  these  do  not  show  on  the 
map.   There  has  also  been  considerable  other  road  construction 
and  ditching  to  produce  drainage  changes  since  1954. 

The  drainage  of  practically  the  entire  county  is  directed 
into  the  West  Fork  of  the  White  River.   Eagle  Creek  enters  the 
county  near  the  northwest  corner,  flows  southerly,  and  empties 
into  the  West  Fork  of  the  White  River  a  few  miles  south  of 
Indianapolis.   Fall  Creek  enters  the  northeast  corner  of  the 
county,  flows  southwest,  and  empties  into  the  West  Fork  of  the 
White  River  within  the  city  limits.   Several  other  smaller 
streams  traverse  portions  of  the  county  and  join  the  river. 
Buck  Creek  which  crosses  the  southeast  corner  of  the  county, 
flows  into  the  East  Fork  of  the  White  River. 

Throughout  those  portions  of  the  county  where  the  topo- 
graphic surface  is  gently  rolling  or  rolling,  or  where  there 
are  gravel  beds  within  four  or  five  feet  of  the  surface,  the 
natural  drainage  is  good.   Where  the  surface  is  level,  however, 
as  is  frequently  the  case  throughout  the  uplands  and  within  the 
flood  plains,  the  natural  drainage  is  often  deficient.   There 
are  always  numerous  small  depressions,  formerly  swamps,  in 
which  the  natural  drainage  is  poor.   Tile  drains  and  open 
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ditches  have  been  employed  with  marked  success  where  the 
natural  drainage  is  deficient.   Practically  all  the  swamps, 
none  of  which  were  of  great  extent,  have  been  reclaimed. 

Large  man-made  reservoirs  have  been  developed  on  Fall 
Creek  (Geist  Reservoir)  in  the  northeast  and  on  Eagle  Creek 
in  the  northwest. 


CI imatol ogical  Summary 

The  climate  is  continental,  with  rather  warm  summers, 
moderately  cold  winters  and  occasional  wide  variations  in 
temperature,  particularly  during  the  colder  seasons.   Periods 
of  humid,  muggy  weather  occur  during  the  summer  although 
usually  these  Gulf  air  masses  either  do  not  push  so  far  north  or 
are  soon  replaced  by  cooler  less  humid  air  from  northerly 
latitudes.   Occasionally,  hot,  dry  winds  prevail  from  the  west 
or  southwest  for  several  days.   The  longest  and  most  severe 
heat  was  in  July  1936,  when  the  temperature  climbed  to  100°  or 
more  for  nine  consecutive  days.   Late  spring  and  the  fall  season 
are  usually  very  pleasant.   Periods  of  two  to  three  weeks  of 
sunny  days  and  mild  temperatures  are  common  during  the  fall. 

Precipitation  is  normally  adequate  for  good  crops  and  is 
well  distributed  throughout  the  year.   Rainfall  of  an  inch  or 
more  in  24  hours  occurs  on  an  average  of  about  once  a  month  and 
lesser  measurable  amounts  on  about  ten  or  twelve  days.   Snowfalls 
of  three  inches  or  more  occur  on  an  average  of  about  two  or  three 
times  during  the  winter. 
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Average  Temperature 


INDIANAPOLIS.    IK 

Season   July  Aug  Sept 

Oct  I  Nov 

Dec  j  Jan 

Febj  Mari  Apr 

May  June  Total 
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Cooling  Degree  Days 

Year  I  Jan  I  Feb  |  Mar  I  Apr    May  jjunei  July ;  AuglSeptl  Oct  I  Nov  I  Dec  I  Total" 
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Precipitation 


Snowfall 


Feb  I  Mar      Apr      May     June     July     Aug     Sept      Oc 


1951 
1952 
1953 


1956 
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1959 
I960 

1961 
19b2 
1963 


1966 
1967 
1968 
1969 
1970 

1971 
1972 
1973 
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1975 
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See   Station   Location    table 


Record  mean  values 
1671  for  temptratur 
through   July    1931. 
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The  average  freeze  free  period  extends  from  April  23  to 
October  22.   However,  freezing  has  occurred  as  late  as  May  27 
and  as  early  as  September  27. 

The  following  charts  aid  in  summarizing  the  cl imatological 
information  of  Marion  County,  Indiana  (5). 


Glacial  Geology 

The  configuration  of  the  ground  surface  of  Marion  County 
and  the  composition  of  the  materials  that  underlie  it  are  the 
results  of  the  last  major  glaciation  of  central  Indiana.   It 
is  estimated  that  ninety  to  one  hundred  cubic  miles  of  ice 
covered  the  county  at  the  height  of  the  last  (Champaign)  advance 
of  the  East  White  Sublobe,  about  20,000  years  ago  (11). 

The  Champaign  ice  upon  melting  deposited  a  layer  of  drift 
one  to  fifty  or  more  feet  (0-17  meters)  thick.   The  major 
valleys  of  Marion  County  were  formed  by  streams  of  melt  water 
flowing  in  ice  walled  channels;  numerous  minor  valleys,  on  the 
other  hand,  originated  when  streams  flowing  parallel  to  decay- 
ing ice  margins  cut  into  the  drift  surface. 

About  80  percent  of  the  virgin  surface  of  Marion  County 
consists  of  hummocky  moraine  of  low  relief  (0-3  meters)  which 
exhibits  closed  ice  disintegration  ridges,  till  hummocks,  kames 
and  linear  ridges  (composed  of  till  or  stratified  drift). 

Outwash  plains  and  terraces  constitute  about  15  percent  of 
the  surface,  and  the  remaining  five  percent  is  composed  of  post 
glacial  alluvium. 
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50  TO  200ft. 


MORE    THAN    200ft. 


FIGURE   3=    GLACIAL    DRIFT    THICKNESS  -  MARION    COUNTY 
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The  total  accumulation  of  glacial  drift  in  Marion  County 
is  believed  to  be  composed  of  three  drift  sheets  that  resulted 
from  the  Kansan,  Illinoian  and  Wisconsin   glaciations.   Drift 
thickness  range  from  less  than  15  feet  (5  meters)  to  greater 
than  400  feet  (134  meters);  average  thickness  for  the  entire 
county,  based  upon  575  datum  points  is  140  feet  (46  meters). 
See  Figure  3  (11). 

Glacial  materials  older  than  Kansan  in  age  have  not  been 
identified  in  well  logs  and  probably  are  absent  beneath 
Marion  County.   It  is  assumed  that  the  Kansan  is  the  oldest 
drift  sheet  beneath  Marion  County  and  that  its  base  is  in 
contact  with  the  preglacial  bedrock  surface. 

Well  logs  from  Marion  County  are  provided  in  Appendix  D. 
Triangular  symbols  on  the  engineering  soils  map  denote  well 
log  sites. 

The  various  glacial  advances,  namely  Kansan,  Illinoian  and 
Wisconsin  are  delineated  as  accurately  as  possible  in  this  data. 
A  typical  example  is  well  log  #2,  in  which  a  Wisconsin  stage, 
Illinoian  stage  and  Pre-Il 1 inoian  (possibly  Kansan  stage)  is 
del ineated. 


Bedrock  Geology 

Marion  County  includes  three  distinct  geological  formations, 
The  eastern  portion  of  the  county  is  underlain  by  Carboniferous 
limestone  60  to  100  feet  (20-34  meters)  below  the  surface.   Two 
miles  west  of  the  city  of  Indianapolis,  the  limestone  is  under- 
lain by  black  Genesee  shale,  which  has  a  thickness  of  40  feet 
(13  meters).   In  the  extreme  southwest  corner  of  the  county  the 
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ROCKS    OF  SILURIAN  AGE 
LIMESTONE,  DOLOMITE,  AND  SHALE 


SILURIAN 


MISSISSIPPI 


LOWERMOST    PART   OF   HARR0DSBUR6    LIMESTONE 
BORDEN    GROUP,  AND   ROCKFORD    LIMESTONE 
SILTSTONE,  SHALE,  SANDSTONE,  AND  SOME  LIMESTONE 


DEVONIAN 


ROCKS    OF   MIDDLE    DEVONIAN     AGE 
MOSTLY   LIMESTONE  AND  DOLOMITE 


DEVONIAN  AND 
MISSISSIPPIAN 


SILURIAN 


NEW  ALBANY  SHALE 
MOSTLY    BLACK  SHALE 


ROCKS    OF   SILURIAN    AGE 

LIMESTONE,  DOLOMITE, AND  SHALE,  M,  BASE   OF  MISSISSINEWA 

SHALE   MEMBER,  W,  BASE  OF  WALDRON  SHALE 


FIGURE   4:    BEDROCK    GEOLOGY    OF    MARION    COUNTY 
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Genesee  shale  is  overlain  by  the  Knob  sandstone.   These  rock 
formations  are  covered  to  a  depth  of  from  50  to  400  feet 
(17  -  134  meters)  by  a  deposit  of  glacial  or  fluvial  drift 
which  forms  the  surface  of  the  county  and  determines  the 
character  of  soils  (7,  8).   See  Figure  4  for  a  graphical  repre- 
sentation of  Marion  County's  bedrock  geology. 

In  Appendix  D,  more  detailed  data  is  available  concerning 
specific  locations  within  Marion  County.   These  well  logs 
delineate  the  bedrock  of  the  county  to  depths  as  great  as 
1266  feet  (422  meters)  as  portrayed  by  well  #21. 


Physiography  and  Topography 

Marion  County  lies  in  the  Central  Lowlands  province  of  the 
United  States  and  is  in  the  Till  Plains  section  of  the  province, 
In  Indiana,  the  till  plains  area  is  known  as  the  Tipton  Till 
Plains. 

The  average  elevation  of  the  county  above  sea  level  is 
860  feet  (288  meters)  and  occasionally  an  elevation  of  900  feet 
(300  meters)  is  reached.   The  mean  relief  of  the  land  above  the 
valley  of  the  West  Fork  of  the  White  River  is  175  feet 
(58  meters). 

In  topography  the  surface  varies  from  level  to  gently  roll- 
ing or  rolling.   That  portion  of  the  area  which  lies  within  the 
bottoms  along  the  West  Fork  of  the  White  River  is  level,  with 
occasional  slight  undulations,  and  about  one  third  of  the 
remainder  of  the  area  is  also  level  or  undulating.   The  level 
stretches  in  the  upland,  which  vary  in  size  from  one  to  four  or 
five  square  miles  (10-13  square  kilometers),  are  surrounded  by 
and  gradually  grade  into  gently  rolling  and  rolling  lands. 
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The  roughest  topography  is  found  along  Eagle  Creek  in  the 
northwestern  corner  of  the  county.   Here,  a  few  of  the  slopes 
are  too  steep  to  be  cultivated.   Other  limited  areas  of  broken 
land  are  found  at  intervals  along  Eagle  Creek,  Fall  Creek  and 
White  River. 

Central  Marion  County  is  crossed  from  northwest  to  south- 
east by  a  belt  of  undulating  drift  about  ten  miles  (16  kilom- 
eters) wide,  its  surface  lying  at  an  elevation  of  about  800 
feet  (270  meters)  above  sea  level.   This  low  moraine  is  bor- 
dered on  the  south  by  massive  gravel  ridges  and  other  morainic 
or  ice  contact  features.   Through  this  belt  and  nearly  at  right 
angles,  the  West  Fork  of  the  White  River  and  Fall  Creek  cut  a 
trench  about  200  feet  (70  meters)  deep,  having  its  bottom  on  or 
near  bedrock.   During  the  period  of  glacial  retreat  this  trench 
was  filled  with  gravelly  outwash.   A  readvance  of  the  ice  margin, 
accompanied  by  the  escape  of  subglacial  streams,  deposited  near 
the  western  border  of  the  outwash  plain  a  belt  of  sand  and 
gravel  hills  three  miles  long  and  rising  in  the  sharp  knob  of 
Crown  Hill  90  feet  (30  meters)  above  the  plain  and  150  feet 
(50  meters)  above  the  river  (7).   The  West  Fork  of  the  White 
River  passes  through  the  moraine  in  a  gorge  three  miles  long 
and  half  a  mile  wide,  bordered  by  steep  bluffs  40-80  feet 
(13-27  meters)  high.   This  gravel  outwash  plain  about  three 
niler,  wide  is  bounded  on  the  east  by  a  gentle  rise  or  bluff 
15-30  feet  (5-10  meters)  high,  which  parallels  Fall  Creek  and 
touches  the  West  Fork  of  the  White  River  at  the  mouth  of 
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Pleasant  Run,  below  which  the  plain  lies  on  the  west  side. 
The  outwash  plain  surface  slopes  from  an  elevation  of  about 
740  feet  (247  meters)  in  the  north  to  680  feet  (227  meters) 
in  the  south,  or  about  six  feet  to  the  mile.   The  plain  is  cut 
by  the  high  water  channels  of  the  West  Fork  of  the  White  River, 
Fall  Creek  and  Eagle  Creek,  into  a  series  of  low  but  well  de- 
fined terraces.   The  city  of  Indianapolis  occupies  the  gravel 
outwash  plain,  the  kame  moraine  and  the  bluffs  and  flood  plain 
of  the  West  Fork  of  the  White  River,  and  extends  on  the  east 
and  south  several  miles  beyond  the  bluff  over  the  more  elevated 
undulating  drift.   Detailed  mapping  of  this  area  is  somewhat 
restricted  by  the  cultural  pattern. 


ENGINEERING  SOIL  AREAS 
The  parent  materials  of  Marion  County  can  be  divided  in 
four  major  groups: 

1.  Glacial  drift  or  ice  contact  deposits 

2.  Fluvial  drift 

3.  Eolian  drift  and 

4.  Cumulose  drift 

In  the  discussion  that  follows,  each  of  the  major  groups 
is  further  subdivided  into  land  form-parent  material  groups. 
These  groups  are  further  subdivided  into  soil  textural  groups 
for  which  pedological  names  are  provided.   Using  the  pedological 
names  and  Appendices  A  and  B,  engineering  properties  and 
problems  for  various  soil  areas  can  be  obtained. 
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Glacial  Deposited  Materials 

The  land  forms  of  glacial  drift  or  ice  contact  deposits 
in  Marion  County  include  ground  moraine,  kame  moraine  and  kames 
and  eskers. 


1 .   Ground  moraine  -  silty  clay  texture  (soil  profile 
set  #1  on  map) 

The  largest  area  of  land  form-parent  material  1n  the 
county  is  a  ground  moraine.   This  ground  moraine  of  Wisconsin 
age  covers  about  four  fifths  of  the  county  to  the  east,  north 
and  west  of  Indianapolis. 

At  the  base  of  the  drift  formation  is  usually  found  a 
compact  lead  colored  clay.   Occasionally  there  may  be  found 
thin  deposits  of  very  fine  gray  or  yellow  sand.   Between  the 
clay  and  the  rock  on  which  it  rests  is  generally  found  a  layer 
of  coarse  gravel  or  small  siliceous  boulders.   In  Marion 
County  this  clay  bed  ranges  from  20  to  100  feet  (7-34  meters) 
in  thickness  and  is  very  uniform  in  character  throughout, 
except  where  the  light  strata  of  fine  sand  occurs.   Above  this 
is  generally  found  a  few  feet  of  coarse  sand  or  fine  gravel. 

The  lower  blue  clay  represents  an  earlier  glaciation 
(probably  Illinoian)  than  the  overlying  softer  drift  of  late 
Wisconsin  Age.   The  material  is  fine  and  very  much  harder  and 
more  compact  than  the  drift  forming  the  present  surface. 

On  the  attached  engineering  soils  map,  in  the  left  margin, 
general  soil  profiles  for  topographic  highs  and  lows  in  the 
ground  moraine  area  have  been  drawn  and  designated  profiles  set 


19 


#1.   The  bounded  areas  on  the  map,  containing  number  1,  have 
high  and  low  position  soil  profiles  similar  to  those  sketched. 

Soil  borings  #86-99  are  typical  of  data  obtained  from 
ground  moraine  areas.   Detailed  engineering  information  of 
these  borings  are  supplied  in  Appendix  C.   Well  logs  5-9 
found  in  Appendix  D  are  similarly  indicative  of  ground  moraine 
areas. 

The  parent  material  (C-horizon)  is  most  often  a  loam  or 
clay  loam  (ISHC  classification)  and  most  often  is  found  at 
an  average  depth  range  of  24  in.  to  50  in.  (60-125  cm)  as 
indicated  by  profile  set  #1.   The  steeper  the  soil  slopes, 
the  shallower  the  top  of  the  C-horizon.   For  some  of  the  steeper 
slopes  (25-50  percent),  the  C-horizon  may  be  found  at  a  depth  of 
14  inches  (36  cm).   The  top  of  the  B-horizon  is  usually  found 
between  an  average  depth  range  of  6  in.  to  18  in.  (15-46  cm) 
and  may  be  either  a  loam,  clay  loam,  clay  or  silty  clay.   B- 
horizons  in  the  topographic  lows  are  generally  more  clayey  and 
thicker  than  B-horizons  in  the  higher  positions.   A-horizon 
material  is  either  a  silt  loam,  silty  clay  loam,  silty  clay  or 
clay  with  average  thickness  ranges  from  about  6  in.  to  18  in. 
(15-46  cm). 

Quantitative  engineering  soils  data  and  data  on  engineering 
soil  problems  and  uses  in  the  particular  ground  moraine  area 
are  provided  in  Appendices  A  and  B.   To  obtain  information  on 
soils  in  gently  undulating  till  plains  look  up  the  Miami  soils 
(in  highest  areas),  Crosby  soils  (between  highs  and  lows), 
Brookston  soils  (low  areas)  and  the  Kokomo  soils  (in  depressions 
and  drainage  ways).   For  information  on  the  properties  of  steeply 
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sloping  soils  (25-50  percent)  between  drainage  ways  and  uplands, 
look  up  Hennepin  soils. 

2.   Kames  and  Kame  Moraines  -  Stratified  Sand  and 

Gravel  Texture  (High  of  soil  profile  set  #3  on  map) 

In  general,  kames  in  Marion  County  are  relatively  small 
both  in  area  and  height.   Kames  and  linear  ridges  of  stratified 
drift  in  two  localities  are  of  sufficient  size  for  commercial 
exploitation  (3).   The  first  area  (in  sections  18  &  19,  T.14N., 
R.3E.,   and  section  24,  T.14N.,   R.2E.)   covers  a  tract  of  kames 
that  contain  sand  and  gravel  of  commercial  quality.   The  second 
area  contains  a  linear  ridge  of  stratified  drift  (section  21  & 
28,  T.15N.,  R.5E.).   There  are  also  some  small  isolated  kames 
that  stand  on  the  till  uplands  (sections  25  &  26,  T.15N.,  R.3E.; 
and  section  24,  T.15N.,  R.4E.)  or  on  tracts  of  outwash  (section 
33,  T.15N.,  R.2E.;  and  sections  11,  12  &  14,  T.14N.,  R.3E.), 

Three  kame  complexes  near  Glenns  Valley  (sections  10,  15, 
16,  21  and  22,  T.14N.,  R.3E.)  contain  commercial  deposits  of 
sand  and  gravel,  as  is  shown  by  the  active  pit  in  SEt  section 
21  and  the  two  abandoned  pits  in  sections  10  and  15.   The  kame 
in  sections  13  and  14,  however,  is  composed  almost  entirely  of 
sand.  The  average  grain  size  increases  slightly  in  the  sediments 
of  an  outwash  channel  phase  in  sections  17  and  20,  T.14N.,  R.3E. 
Sand  and  gravelly  sand  are  exposed  in  an  abandoned  pit  (section 
17)  (11). 
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Fluvial  Deposited  Materials 

The  fluvial  drift  in  Marion  County  include: 
Recent  flood  plains  along  streams, 
stream  terraces  and 
outwash  plains 

1 .   Alluvial  Plains  -  Stratified  Silts,  Fine  Sands 
and  Clay  Texture  (soil  profile  set  #2  on  map) 

The  great  bulk  of  the  fluvial  drifts  are  sandy  silts,  silts 
and  clays  that  have  been  deposited  upon  the  flood  plains  of  the 
many  stream  valleys  in  the  county.   The  veneer  of  postglacial 
alluvium  on  the  flood  plains  commonly  ranges  from  a  fraction 
of  a  foot  to  twenty  feet  (0-7  meters)  in  thickness. 

Soils  associated  with  recent  alluvium  deposits  are  Genesee, 
Eel  and  Shoals.   The  texture  of  these  soils  is  controlled  by 
the  velocity  of  water  and  its  transporting  power  relative  to 
sedimentation. 

The  Genesee  soils  tend  to  form  natural  levees  along  the 
banks.   Because  of  their  higher  topographic  position  and  slightly 
more  granular  texture  they  drain  somewhat  faster  than  the  lower 
Shoals  soils  adjacent  to  the  valley  walls. 

Parent  material,  at  a  depth  of  30  in.  to  60  in.  (76-152  cm), 
is  usually  stratified  loams  and  sandy  loams  or  loams  and  clay 
loams.   B-horizon  materials  may  be  silt  loam,  silty  clay  loam, 
clay  loams  or  loam.   Top  of  the  B-horizon  is  between  7  in.  and 
20  in.  (17-50  cm)  .   A-horizon  materials  are  usually  silt  loams 
or  clay  loams. 
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Engineering  data  for  the  alluvial  soils  are  found  in 
Appendices  A  and  B.   For  information  on  topographic  highs  in 
the  flood  plain,  see  the  Genesee  soil,  and  for  low  level 
soils,  see  Eel  and  Shoals  soils. 

Soil  borings  #138  and  #139,  Appendex  C,  are  examples 
of  post  glacial  alluvium  deposits.   Well  log  #21,  Appendix  D, 
is  likewise  descriptive  of  Marion  County  alluvium. 

2.   Terraces  and  Outwash  Plains  -  Stratified  Sand  and 
Gravel  Texture  (Soil  Profile  Set  #3  on  Map) 

Terraces  occur  with  surfaces  some  ten  to  twenty  feet 
(3-7  meters)  above  the  flood  plain  along  the  West  Fork  of  the 
White  River  through  much  of  Marion  County. 

Sieve  analyses  of  typical  samples  from  active  White  River 
sand  and  gravel  pits  showed  that  the  materials  being  mined 
were  composed  of  about  50  to  70  percent  of  particles  less  than 
four  mesh  (0.19  in.  or  4.8  mm)  in  size;  that  is,  these  materials 
were  30  to  50  percent  gravel.   Such  a  range  of  values  is  only 
an  indication  of  the  gradation  of  the  White  River  valley  out- 
wash  material  currently  being  exploited.   There  is  great  var- 
iability in  the  gradation  of  the  outwash  sediments  in  Marion 
County  that  can  be  mined  at  a  profit.   Noticeable  changes  in 
gradation  take  place  along  the  White  River  valley  from  coarser 
material  1n  the  northern  part  of  the  county  to  finer  in  the 
southern  part.   In  1949,  most  operators  of  sizing  plants  in 
Marion  County  reported  a  60:40  sand-gravel  ratio,  but  there  may 
be  a  70:30  ratio  in  pits  in  the  southern  part  of  the  county  (11). 
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Currently  mining  operations  are  taking  place  throughout  the 
entire  White  River  valley. 

The  stratified  sand  and  gravel  parent  materials  are 
generally  found  at  depths  of  between  30  in.  and  60  in.  (76- 
152  cm). 

The  B-horizons  usually  are  gravelly  clays  at  the  bottom 
overlain  by  mainly  clays  and  clay  loams.   Depth  to  the  top 
of  the  B-horizon  is  5  in.  to  18  in.  (12-46  cm).   The  A-horizons 
may  be  either  silt  loams,  silty  clay  loam,  silty  clay  or  clay. 

Where  there  is  a  20  in.  to  40  in.  (50-102  cm)  loess  cover, 
the  topographic  highs  are  Ockley  soils.   Where  the  loess  cover 
is  lacking,  the  high  soils  are  Fox.   In  the  low  areas  of  the 
loess  areas,  the  low  soils  are  Sleeth  and  in  the  lows  of  non- 
loess  areas,  the  soils  are  Westland.   See  Appendices  A  and  B, 
for  engineering  properties  of  these  soils. 


3.   Terraces  and  Outwash  Plains  -  Stratified  Sand,  Silt 
and  Clay  Texture  (Soil  Profile  Set  #4  on  Map) 

A  minor  proportion  of  the  terrace  and  outwash  plain  areas 
have  essentially  only  sand  as  the  granular  material  along  with 
significant  quantities  of  silt  and  clay. 

Parent  materials  in  these  sand  and  fines  outwash  areas 
are  at  a  depth  of  30  in.  to  60  in.  (76-152  cm).   Under  the 
Unified  Soil  Classification  System  the  materials  classify  as 
silty  sands  (SM),  clayey  sands  (SC)  and  silts  (ML).   Pedolog- 
ically  the  soils  are  classified  as  stratified  sands,  sandy 
loams,  silt  loams,  loams  and  clay  loams.   The  B-horizon  is  found 
at  a  depth  ranging  between  10  in.  and  60  in.  (25-152  cm)  and 
is  usually  clay  or  silty  clay,  but  the  lower  part  of  the 
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B-horizon  of  higher  topographic  position  may  be  a  sandy 
clay  or  sandy  loam.   The  surface  soils  of  the  higher  positions 
are  usually  clay  loam  or  loams,  while  the  surface  soils  of 
the  lower  positions  are  usually  silty  clay  loams  and  silt 
1 oams . 

For  engineering  properties  of  soils  in  the  high  and  low 
positions,  respectively,  see  the  table  data  of  Martinsville 
and  Whitaker  soils  in  Appendix  A  and  for  engineering  uses  and 
soil  problems  see  Appendix  B. 


Eolian  Drift 

Eolian  (or  windblown)   deposits  are  also  present  in 
Marion  County.   In  sections  21  and  28,  T.15N.,  R.5E.  sand 
ridges  are  evident.   Adjacent  to  these  sand  ridges  are  usually 
found  silt  soils.   The  Princeton  soil  series  is  typical  of  this 
material.   These  soils  are  principally  silty  and  sands  having 
eolian  origins.   For  engineering  purposes  these  soils  may  be 
considered  as  a  deep,  uniform  deposit  of  brown-yellow  windblown 
sands  and  sil ts  (2) . 

For  engineering  properties,  problems  and  uses  of  these 
soils  look  under  Princeton  soils  in  Appendices  A  and  B. 

For  profile  information  on  eolian  landforms,  well  logs 
#19  and  #20  (Appendix  D)  are  included. 
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Cumulose  Drift 

Only  two  substantial  deposits  of  muck  and  peat  were  found 
in  Marion  County.  "A  large  bog,  known  as  Bacon  Swamp  is  in 
northern  Indianapolis  in  section  6  and  7,  T.16N.,  R.4E.,  and  a 
very  small  bog  is  in  section  22,  T.14N.,  R.3E.  Peat  was  mined 
in  Bacon  Swamp  in  1956.  The  smallest  bog  has  too  limited  a 
volume  for  commercial  exploitation".  Subsurface  exploration  is 
important  in  these  cumulose  drift  areas. 

"Assessment  of  the  peat  reserves  in  Bacon  Swamp  was  made 
by  Professor  D.  G.  Frey  of  the  Zoology  Department,  Indiana 
University.   A  conservative  estimate  of  the  amount  of  recover- 
able peat,  based  on  Frey's  sounding  data  and  probe  samples, 
would  be  about  800,000  cubic  yards.   The  peat,  on  the  average, 
is  about  3.5  yards  thick  in  the  bog  area  south  of  56th  Street, 
and  it  may  also  be  that  thick  in  the  the  area  north  of  56th 
Street".  (11)   Some  of  these  areas,  presently,  may  be  urbanized. 

Airphoto  interpretation  techniques  indicate  numerous,  widely 
scattered,  small,  dark  gray  to  black  basins  or  relatively  low 
topographic  areas  -  an  indication  of  highly  organic  top  soil  area, 
The  areas  probably  are  highly  organic  top  soil  areas  or  muck 
areas  and  have  a  slightly  deeper  depth  of  organic  soils  than 
the  swale  areas  of  the  till  plains. 
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.  — Estimated  soil  propert 

f  An  asterisk  in  the  first  column  of  this  table  indicates  that  at  least  one  mapping  unit  in  the  scries  is  made  up  of  two  or  more  kinds  of  g 
lAn  astensn  in  xne  nrs.  i-oiuijau  u  f^  the  instructlons  for  refernng  to  other  series.  The  | 


Soil  series  and  map  symbols 


Brookstoa: 
Br 


Bs. 


•CTosby:     CrA,  CsB2 -- 

For  Miami  part  of  CsB2,  see 
Miami  scries. 

Eel:'     Ee 


Fincastlo:     FcA. 


Fox: 


FoA,  FoB2.  FoC2. 


FxC3 

Genesee:    Gn. 


Genesee,  sandy  variant:    Gs. 


Depth  to 

seasonal 

high  water 

table 


Hennepin:     HeF. 


Mahalasville,  clayey  subsoil  vari- 
ant:    Mc. 


Martinsville:     Me  A,  MeB2. 


Miami: 

MmB2.  MmC2,  MmD2,  MmE2. 


MsB3.  MsC3.  MsD3 

See  footnotes  at  end  of  table. 


Depth 

from 

surface 


Fut 
•  0-1 


'0-1 


1-3 


3-6 


1-3 


>6 


>6 


>6 


>6 


>6 


>0-l 


>6 


>6 


>6 


Inches 
0-18 
18-50 
50-C0 

0-36 
36-50 
50-60 


0-17 
17-33 
33-60 

0-30 
30-42 


0-9 

9-29 
29-42 
42-68 


0-14 
14-31 
31-00 

0-24 
24-60 

0-21 
21-32 
32-60 

0-25 
25-60 

0-14 
14-60 

0-15 
15-52 
52-66 
66-72 

0-13 
13-53 

53-60 


0-8 

8-31 

31-60 


Classification 


USDA  texture 


Silt  loam  . . 
Clay  loam. 
Loam 


Unified 


Silty  clay  loam. 

Clay  loam 

Loam 


Silt  loam 

Silty  clay  loam  and  clay  loam. 
Loam 


Silt  loam 

Loam,  silt  loam,  and  sandy 
loam. 


Silt  loam 

Silty  clay  loam. 

Clay  loam 

Loam 


Loam . 

Clay  loam  and  gravelly  clay  loam. 
Sand  and  gravel 


Clay  loam 

Sand  and  gravel. 


Silt  loam 

Loam 

Sandy  loam. 


Sandy  loam... 
Medium  sand. 


Loam. 
Loam. 


Silty  clay  loam. 

Silty  clay 

Silty  clay  loam. 
Silt  loam 


Loam 

Clay   loam,   sandy   clay   loam,    and  sandy 

loam. 
Stratified  silts,  loam,  sandy  loam,  and  sand- 


Silt  loam 

Clay  loam  and  silty  clay  loam. 
Loam 


0-24      Clay  loam. 
24-60     Loam..... 


ML  or  CL 

CL 

ML  or  CL 

OL  or  CL 

CL 

ML  or  CL 


ML  or  CL 
CL  or  CH 
CL  or  SC 

ML  or  CL 
ML  or  CL 


ML  or  CL 

CH 

CL 

CL  or  SC 


ML 

SC  or  CL 

SW-SM 

SC  or  CL 
SW-SM 

ML 

CL  or  SC 

SM 

SM 

SMor  SW-SM 

CL  or  ML 
CL  or  SC 

on  or  en 

CH 
CH 
ML 

CL 

CL  or  SC 

ML  or  SM 


ML  or  CL 
CL  or  CH 
CL  or  SC 

CL  or  CH 
CL  or  SC 


SOIL  LEGEND 

Eoch  soil  symbol  consists  of  2  or  3  letters:  for  e.omple  Br,  CrA,  or  FcA.    If  slope  Is 
given  in  the  soil  nome,  the  third  letter,  A,  B,  C,  D,  E,  or  F  indicates  the  class  of  slope. 
Symbols  without  o  slope  tetter  are  those  of  nearly  level   soils.    A  final  number  2  or  3  in 
the  symbol  tndicotes  thot  the  soil  is  eroded  or  severely  eroded  respectively. 


SYMBOL  NAME 


6r  Brooks  ton  tilt  loom,  overwash 

B»  BfocWfoo  tilry  clay  loom 


CrA 
CsB2 

FcA 
FoA 
FoB2 
FoC2 
FxC3 

Gn 

Gs 


Crosby  silt  loam,  0  to  3  percent  slopes 

Crosby-Miami  silt  loams,  2  to  6  percent  slopes,  eroded 

Flncostle  silr  loam,  0  to  3  percent  slopes 

Fox  loom,  0  to  2  percent  slopes 

Fox  loam,  2  to  6  percent  slopes,  eroded 

Fox  loam,  6  to  12  percent  slopes,  eroded 

Fox  cloy  loom,  6  to  12  percent  slopes,  severely  eroded 

Genesee  silt  loom 

Genesee  sondy  loam,  sandy  variant 

Hennepin  loom,  25  to  50  percent  slopes 


riMMUn     UUUItl   I,      1 II  Lii  nun 

significant  to  engineering  .  '.  29 

The  different  soils  in  such  mapping  units  mav  have  different  properties  and  limitations,  and  for  this  reason  it  is  necessary  to  follow  cars 
>  means  more  than;  the  sign  <  means  less  than] 


Percentage  passing 

sieve — 

Permeability 

Available 

water 
capacity 

Reaction 

Frost-heave  potential 

Shrink-swell 
potential 

No.  10 
(2.0  mm.) 

No.  40 
(0.42  mm.) 

No.  200 
(0.074  mm.) 

90-100 
95-100 
90-100 

100 
95-100 
90-100 

95-100 
95-100 
85-95 

100 
100 

95-100 
100 
95-100 
85-95 

85-95 

90-100 

60-70 

90-100 
60-70 

95-100 
90-100 
90-100 

90-100 
85-100 

85-95 
85-95 

100 
100 
100 
100 

85-100 
90-100 

85-100 

95-100 
95-100 
85-95 

95-100 
85-95 

90-100 

85-95 

75-90 

90-100 

85-95 

75-90 

90-100 

85-95 

70-85 

85-95 
70-90 

90-100 
90-100 
85-100 
70-90 

85-100 

75-90 

20-45 

75-90 
20-45 

90-100 
75-100 
70-100 

70-100 
70-90 

70-85 
70-85 

95-100 
95-100 
95-100 
95-100 

80-95 
70-90 

70-90 

90-100 

85-95 

70-85 

85-95 
70-85 

75-85 
70-90 
60-75 

85-95 
70-90 
60-75 

75-90 
65-85 
35-65 

60-75 
50-75 

75-95 
85-100 
65-85 
35-70 

50-75 

35-70 

5-15 

35-70 
5-15 

75-90 
45-65 
25-45 

25-45 
5-10 

50-65 
35-65 

95-100 
95-100 
95-100 
90-100 

50-75 
40-75 

30-70 

75-90 
65-85 
35-65 

65-85 
35-65 

Inehei  per  hour 
0.  63-2.  00 
0.  06-0.  20 
0.  20-0.  63 

0.  20-0.  63 
0.  06-0.  20 
0.  20-0.  63 

0.  63-2.  00 
0.  06-0.  20 
0.  20-0.  63 

0.  63-2.  00 
0.  63-2.  00 

0.  63-2.  00 
0.  06-0.  20 
0.  06-0.  20 
0.  20-0.  63 

0.  63-2.  00 

0.  63-2.  00 

>20.  00 

0.  63-2.  00 
>20.  00 

0.  63-2.  00 
0.  63-2.  00 
2.  00-6.  30 

2.00-6.30 
6.  30-20.  00 

0.  63-2.  00 
0.  63-2.  00 

0.  20-0.  63 
0.  00-0.  20 
0.  20-0.  63 
0.  20-0.  63 

0.  63-2.  00 
0.  63-2.  00 

0.  63-2.  00 

0.  63-2.  00 
0.  63-2.  00 
0.  63-2.  00 

0.  63-2.  00 
0.  63-2.  00 

Inehtt  per  fncA  of 

toil 

0.  22-0.  24 

0.  15-0.  19 

0.  10-0.  19 

0.  21-0.  23 
0.  15-0.  19 
0.  10-0.  19 

0.  22-0.  24 
0.  18-0.  20 
0.  05-0.  10 

0.  18-0.  22 
0.  14-0.  18 

0.  22-0.  24 
0.  18-0.  20 
0.  15-0.  19 
0.  05-0.  10 

0.  20-0.  22 

0.  19-0.  21 

<0.  08 

0.  19-0.  21 
<0.  08 

0.  22-0.  24 
0.  17-0.  19 
0.  11-0.  13 

0.  13-0.  15 
<0.  08 

0.  20-0.  22 
0.  05-0.  19 

0.  21-0.  23 
0.11-0.  13 
0.  18-0.  20 
0.  20-0.  22 

0.  20-0.  22 
0.  15-0.  19 

0.  17-0.  20 

0.  22-0.  24 
0.  15-0.  20 
0.  05-0.  19 

0.  15-0.  19 
0.  05-0.  19 

6.  6-7.  3 
a  6-7.  3 

•  7.  4-8.  4 

6.  6-7.  3 

6.  6-7.  3 

1  7.  4-8.  4 

5.  1-7.  3 

6.  0-6.  5 
1  7.  4-8.  4 

5.6-7.3 
5.6-7.3 

6.  1-6.  5 

5.  1-5.  5 

6.  6-7.  3 
'  7.  4-8.  4 

6.  1-6.  5 
5.  6-7.  3 

1  7.  4-8.  4 

5.  6-7.  3 
»  7.  4-8.  4 

7.  3-7.  8 
7.  3-7.  8 

'  7.  4-8.  4 

6.  6-7.  3 

7.  4-7.  8 

6.  6-7.  3 
1  7.  4-8.  4 

6.  5-7.  3 

6.  5-7.  3 

7.  4-7.  8 
'  7.  4-8.  4 

6.  6-7.  3 

5.  1-6.  5 

•  7.  4-8.  4 

6.  6-7.  3 
5.  1-6.  0 

»  7.  4-8.  4 

5.  1-6.  0 
"7.4-8.4 

Moderate  to  high 

Moderate 

Low. 

Moderate 

Moderate 

Moderate 

Moderate 

Low. 

Moderate  to  high 

Moderate 

Low. 

Moderate 

Low. 

Low. 

Low  to  moderate. 

Moderate  to  high 

Moderate 

Moderate. 
Moderate. 

Low. 

Moderate. 

Moderate 

Moderate 

Low. 

Moderate 

Low. 

Moderate 

Moderate. 

Moderate 

Moderate. 

Moderate  to  high 

Moderate 

Low. 
Low. 

Moderate 

Low. 

Moderate ...... 

Low. 

Low .... 

Low  . 

Moderate . 

Low. 

Moderate 

Low. 

Moderate 

Moderate. 

Moderate 

Moderate. 

Moderate 

Moderate. 

Moderate  to  high .. 

Moderate 

Low. 
Low. 

Moderate 

Moderate. 

Moderate . .. 

Low. 

Moderate  to  high 

Moderate 

Low. 
Moderate. 

Moderate . 

Low. 

Moderate 

Moderate. 

Low. 

Mc 
MeA 

McB2 

MmB2 
MmC2 
MmD2 

MmE2 
MjB3 

MiC3 
Mt03 

OcA 

OcB2 
OtA 

OsB2 


Meholoiville  sltty  cloy  loom,  cloyey  tubtoil  voriont 

Martinsville  loom,  0  fo  2  percent  slopes 
Martinsville  loom,   2  to  6  percent  slopes,  eroded 


Miom 
Miam 
Miam 

Mt  am 


silt  loam,  2  to  6  percent  slopes,  eroded 

silt  loam,  6  to   12  percent  slopes,  eroded 

Silt  loam,    12  to   18  percent  slopes,  eroded 

■ill  loom,    18  to  25  percent  slopes,  eroded 

cloy  loam,   2  to  6  percent  slopes,  severely  eroded 

cloy  loom,  6  to  12  percent  slopes,  severely  eroded 

clay  loom,    '2  to   IS  percent  slopes,  severely  eroded 


Ockley  tilt  loam,  0  to  2  percent  slopes 

Ockley  si  It  loam,  2  to  6  percent  slopes,  eroded 

Ockley  silt  loom,   loamy  Substratum,  0  to  2  percent  slopes 

Ockley  silt  loam,  loamy  substratum,  2  to  6  percent  slopes,  eroded 


Ro  Ragsdole  silfy  clay  loom 

Rn  R*nsseloer  clay  loam 

RuB2  Russell  silt  loom,  2  to  6  percent  slopes,  eroded 

RuC2  Russell  silt  loam,  6  to  12  percent  slopes,  eroded 

5h  Shools  tilt  loom 

Wi  Whi  taker  tilt  loam 

XeA  Xenio  tilt  loam,  0  to  2  percent  slope* 

XeB2  Xenio  silt  loam,   2  to  6  percent  slopes,  eroded 
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SOIL  SURVEY 


Estimated  soil  propertie> 


Soil  series  and  map  symbols 


Depth  to 

seasonal 

high  water 

table 


Depth 

from 

surface 


Classification 


USDA  texture 


Unified 


AASHO 


Ockley: 

OcA,OcB2 

OsA.OsB2 

Ragsdale:     Ra - 

Rensselaer:     Rn 

Russell:     RuB2.  RuC2 

Shoals:    Sh 

Whitaker:    Wh 

Xenia:     XeA,  XeB2.. 


1  Ponded. 


>6 

>6 

'0-1 
>0-l 

>6 

1-3 
1-3 

3-6 


Inthtt 
0-14 
14-24 
24-48 
48-60 

0-8 

8-48 

48-53 

53-60 

0-42 
42-60 

0-16 

16-47 
47-72 

0-10 
10-25 
25-59 
59-64 

0-34 
34-60 


0-12 
12-30 
30-48 
48-60 


0-12 
12-30 
30-42 
42-60 


Silt  loam 

Silty  clay  loam ' 

Clay  loam  and  sandy  clay  loam.. 

Sand  and  gravel 

Silt  loam 

Clay  loam 

Sand  and  gravel 

Loam 

Silty  clay  loam 

Silt  loam  and  loam 

Clay  loam 

Clay  loam  and  sandy  clay  loam 

Loamy  sand,  sandy  loam,  and  silt  loam 

Silt  loam 

Silty  clay  loam 

Clay  loam 

Loam 

Silt  loam 

Stratified  loam,  sandy  loam,  and  sandy  clay 
loam. 

Silt  loam 

Clay  loam 

Sandy  clay  loam  and  sandy  loam 

Stratified  loam,  sandy  loam,  and  medium 
sand. 

Silt  loam 

Silty  clay  loam 

Clay  loam 

Loam 


ML  or  CL 

CL 

CL  or  SC 

SW-SM 

ML  or  CL 

CL 

SW-SM 
CL  or  SC 

OL  or  CH 
ML 

CLor  CH 

CH 

SC 

ML  or  CL 
CH 

CL  or  CH 
CL  or  SC 

ML 

SC  or  SM 


ML  or  CL 

CL 

SC  or  CL 

SC  or  SM 


ML  or  CL 
CH 

CL  or  CH 
CL  or  SC 


A-4  or  A-6 
A-6 
A-6 
A-l 

A-4  or  A-tt 
A-6 
A-l 
A-4 

A-7 
A-4 

A-y 

A-7 

A-2  or  A-4 

A-4  or  A-6 

A-7 

A-6  or  A-7 

A-4 

A-4 

A-2  or  A-4 


A-4  or  A-6 

A-6 

A-6 

A-2  or  A-4 


A-4  or  A-6 

A-7 

A-6  or  A-7 

A-4 
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significant  to  engineering — 


Percentage  passing  sieve — 


No.  10 
(2.0  mm.) 


No.  40 
(0.42  mm.) 


No.  200 
(0.074  mm.) 


Permeability 


Available 

water 

capacity 


Reaction 


Frost-heave  potential 


Shrink-swell 
potential 


95-100 
90-100 
80-100 
60-70 

100 

90-100 

50-70 

85-95 

100 
95-100 

95-100 
90-100 
90-100 

95-100 
95-100 
95-100 
85-95 

95-100 
90-100 


95-100 
95-100 
90-100 
95-100 


95-100 
95-100 
95-100 
85-95 


90-100 
80-95 
65-90 
20-45 

90-100 
80-95 
20-45 
70-85 

90-100 
90-100 

75-95 
70-85 
70-95 

90-100 
90-100 
85-95 
70-85 

90-100 
75-100 


90-100 
85-95 
70-90 
70-90 


90-100 
90-100 
85-95 
70-85 


75-90 

70-90 

40-75 

5-15 

75-90 

70-90 

5-15 

45-65 

95-100 
85-95 

60-80 
50-75 
10-50 

85-95 
85-95 
65-85 
35-65 

75-90 
10-50 


65-90 
65-85 
45-55 
10-50 


85-95 
85-95 
65-85 
35-65 


Inchti  per  hour 

0.  63-2.  00 

0.  63-2.  00 

0.  63-2.  00 

>20.  00 

0.  63-2.  00 

0.  63-2.  00 

>20.  00 

0.  63-2.  00 

0.  06-0.  20 
0:  20-0.  63 

0.  20-0.  63 
0.  06-0.  20 
0.  63-2.  00 

0.  63-2.  00 
0.  63-2.  00 
0.  63-2.  00 
0.  63-2.  00 

0.  63-2.  00 
0.  63-2.  00 


0.  63-2.  00 
0.  63-2.  00 
0.  63-2.  00 
0.  63-2.  00 


0.  63-2.  00 
0.  20-0.  63 
0.  20-0.  63 
0.  63-2.  00 


Inch  et  per  Inch  of 

toil 

0.  22-0.  24 

0.  18-0.  20 

0.  19-0.  21 

<0.  08 

0.  22-0.  24 

0.  19-0.  21 

<0.  08 

0.  05-0.  19 

0.  21-0.  23 
0.  17-0.  22 

0.  17-0.  19 
0.  19-0.  21 
0.  08-0.  22 

0.  22-0.  24 
0.  18-0.  20 
0.  15-0.  19 
0.  05-0.  19 

0.  22-0.  24 
0.  11-0.  19 


0.  22-0.  24 
0.  15-0.  19 
0.  14-0.  18 
0.  07-0.  19 


0.  22-0.  24 
0.  18-0.  20 
0.  15-0.  19 
0.  05-0.  19 


PH 

6.  6-7.  3 

5.  6-6.  5 

5.  6-6.  5 
»  7.  4-8.  4 

6.  6-7.  3 

5.  6-6.  5 
'  7.  4-8.  4 
»  7.  4-8.  4 

6.  1-7.  3 

»  7.  4-8.  4 

6.  6-7.  3 

6.  6-7.  3 

*  7.  4-8.  4 

5.  1-7.  3 

4.  6-5.  0 

5.  1-7.  3 
3  7.  4-8.  4 

6.  6-7.  3 
6.  6-7.  3 


5.  1-7.  3 

5.  1-6.  5 

6.  1-7.  3 
1  7.  4-8.  4 


6.  6-7.  3 

5.  6-7.  3 

6.  6-7.  3 
>  7.  4-8.  4 


Moderate  to  high 

Moderate 

Moderate 

Low 

Moderate  to  high. 

Moderate 

Low 

Moderate 

Moderate  to  high 
High 

Moderate 

Moderate 

Moderate 

Moderate  to  high 

Moderate 

Moderate 

Moderate 

Moderate  to  high 
Moderate 

Moderate  to  high 

Moderate 

Moderate 

Moderate 

Moderate  to  high 

Moderate 

Moderate 

Moderate 


Low. 

Moderate. 
Moderate. 
Low. 

Low. 

Moderate. 
Low. 
Low. 

Moderate. 
Low. 

Moderate. 
Moderate. 
Low. 

Low. 

Moderate. 
Moderate. 
Low. 

Low. 
Low. 


Low. 

Moderate. 
Low. 
Low. 


Low. 

Moderate. 
Moderate. 
Low. 


1  Calcareous. 
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32  — Interpretations  qf 

f  An  asterisk  in  the  first  column  indicates  that  at  least  one  mapping  unit  in  the  series  is  made  up  of  two  or  more  kinds  of  soil.  The  different 
1  instructions  for  referring 


Suitability  as  source  of — 

Soil  features  affecting — 

Soil  series 
and  map 
symbols 

Farms  ponds 

Sand  and 

Highway 

Agricultural 

TopsoQ 

gravel 

Road  subgrade  material 

location 

drainage 

Reservoir 

Embankments,  dikes, 

areas 

and  levees 

Brooks  ton; 

Good  in 

Not  suit- 

Fair to  poor  in  sub- 

Seasonal 

Seasonal 

Moderate 

Fair  to  poor  stability 

Br,  Bs. 

surface 

able. 

soil  and  substratum: 

high  wa- 

high wa- 

to slow 

in  subsoil  and  sub- 

layer. 

fair  to  poor  shear 

ter  table; 

ter  table; 

seepage; 

stratum:     fair  to 

Poor  in 

strength;  fair  to 

subject 

slow 

seasonal 

poor  compaction 

subsoil: 

poor  compaction 

to  frost 

perme- 

high 

characteristics; 

moder- 

characteristics; 

heave. 

ability. 

water 

low  permeability 

ately  fine 

medium  to  high 

table. 

when  compacted; 

texture; 

compressibility; 

medium  to  high 

seasonal 

moderate  to  low 

compressibility; 
good  resistance  to 

high 

shrink-swell  poten- 

water 
table. 

tial;  subject  to 
frost  heave;  fair  to 
poor  stability;  sea- 
sonal high  water 
table. 

piping;  moderate  to 
low  shrink-swell 
potential;  fair  to 
poor' shear  strength. 

♦Crosby: 
CrA,  CsB2. 

Good  in 

Not  suit- 

Fair to  poor  in  sub- 

Seasonal 

Seasonal 

Moderate 

Fair  to  poor  stability 

surface 

able. 

soil  and  substra- 

high 

high 

to  slow 

in  subsoil  and  sub- 

For 

layer. 

tum:     fair  to  poor 

water 

water 

seepage; 

stratum:     fair  to 

Miami 

Fair  to 

shear  strength; 

table; 

table; 

seasonal 

poor  compaction 

part  of 
CsB2, 

poor  in 

fair  to  poor  compac- 

subject 

slow  per- 

high 

characteristics;  low 

subsoil: 

tion  characteristics; 

to  frost 

meability. 

water 

permeability  when 

see 

moder- 

medium to  high 

heave. 

table. 

compacted;  medium 

Miami 

ately  fine 

compressibility; 

to  high  compressi- 

scries. 

texture; 

seasonal 

high 

water 

table. 

moderate  to  low 
shrink-swell  poten- 
tial; subject  to 
frost  heave;  fair  to 
poor  stability;  sea- 
sonal high  water 
table. 

bility;  good  resist- 
ance to  piping; 
moderate  to  low 
shrink-swell  poten- 
tial; fair  to  poor 
shear  strength. 

Subsoil  and  sub- 

Eel:    Ee 

Surface  layer 
and  sub  sou 
?ood:  subject 
to    Hooding. 

Generally  not 
suitable 

Subsoil  and  substratum 
fair  to  poor:     moderaU 
shrink-swell  potential; 
moderate  to  high  frost- 
heaving  potential;  fair 
compaction  character- 
istics; fair  stability; 
medium  compressibility 

high  frost 
heave; 
subject  to 
flooding. 

Subject  to 
flooding. 

Moderate 
to  slow 
seepage  rate 

stratum  :    fair 
compaction 
characteristics; 
low  permeabil- 
ity when  com- 
pacted; fair  to 
good  resistance 
to  piping;  fair 
stability. 

Fincastle: 

Good  in 

Not  suit- 

Fair to  poor  in  sub- 

Seasonal 

Seasonal 

Moderate 

Fair  to  poor  stability 

FcA. 

surface 

able. 

soil  and  substra- 

high wa- 

high wa- 

to slow 

in  subsoil  and  sub- 

layer. 

tum:     fair  to  poor 

ter  table; 

ter  table; 

seepage; 

stratum:     fair  to 

Fair  to 

Bhear  strength;  fair 

subject 

slow  per- 

seasonal 

poor  compaction 

poor  in 

to  poor  compaction 

to  frost 

meabil- 

high wa- 

characteristics; low 

subsoil: 

characteristics;  me- 

heave. 

ity. 

ter  table. 

permeability  when 

moder- 

dium to  high  com- 

compacted; medium 

ately  fine 

pressibility;  moder- 

to high  compressi- 

texture; 

ate  to  low  shrink- 

bility;  good  resist- 

seasonal 

swell  potential;  sub- 

ance to  piping;  mod- 

high wa- 

ject to  frost  heave; 

erate  to  low  shrink- 

ter  table. 

fair  to  poor  stabil- 
ity; seasonal  high 
water  table. 

swell  potential;  fair 
to  poor  shear 
strength. 

See  footnotes  at  end  of  table. 
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soils  in  such  mapping  units  may  have  different  properties  and  limitations,  and  for  this  reason  it  is  necessary  to  follow  carefully  tt 
to  other  series] 


Soil  features  affecting — Continued 

Degree  and  kind  of  limitation  for- — 

Terraces  and 

Foundations 

Sewage  disposal 

Grassed  waterways 

diversions  ' 

of  buildings 

fields 

Sewage  lagoons 

Sanitary  landfills  3 

Soil  features 

Soil  features 

Seasonal  high  water 

Severe:    slow 

Severe:    very 

Severe:    very 

favorable; 

favorable; 

table;  subject  to 

permeability; 

poorly  drained; 

poorly  drained; 

generally  not 

generally  not 

ponding;  fair  to 

seasonal  high 

seasonal  high 

seasonal  high 

needed. 

needed,  but 

poor  shear 

water  table. 

water  table; 

water  table; 

diversions  can 

strength;  moder- 

subject to 

subject  to 

be  used  to  chan- 

ate to  low  shrink- 

ponding. 

ponding. 

nel  excess  water 

swell  potential; 

from  higher  soils. 

medium  to  high 
compressibility. 

Soil  features 

Soil  features 

Seasonal  high  water 

Severe:     slow  per- 

Moderate:   some- 

Moderate:    some- 

favorable. 

favorable. 

table;  fair  to  poor 

meability;  sea- 

what poorly 

what  poorly 

shear  strength; 

sonal  high  water 

drained;  seasonal 

drained;  seasonal 

moderate  to  low 

table. 

high  water  table. 

high  water  table; 

shrink-swell  po- 

use limited  to 

tential  ;  medium 

periods  when 

to  high  compressi- 

water table  is  at 

bility. 

• 

a  depth  of  more 
than  48  inches. 

■Jot  needed,  except 

Not  needed,  except  to 

Subject  to  flood- 

Severe: 

Severe: 

Severe :     sub- 

where overflow 

divert  runoff  from 

ing;  moderate 

ject  to  stream 

water  concentrates 

adjoining  higher 
areas. 

shrink-swell 
potential;  mod- 
erate to  high 
frost-heaving 
potential;  fair 
shear  strength. 

subject  to  flooding 

subject  to  flooding. 

flooding. 

Soil  features 

Soil  features 

Seasonal  hic;h  water 

Severe:     slow  per- 

Moderate:   some- 

Moderate:    some- 

favorable. 

favorable. 

table;  fair  to  poor 

meability;  sea- 

what poorly 

what  poorly 

shear  strength; 

sonal  high  water 

drained;  seasonal 

drained;  seasonal 

moderate  to  low 

table. 

high  water  table; 

high  water  table; 

shrink-swell  po- 

use limited  to 

use  limited  to 

tential;  medium 

periods  when 

periods  when 

to  high  compress- 

water table  is  at 

water  table  is  at 

ibility. 

a  depth  of  more 
than  48  inches. 

a  depth  of  more 
than  48  inches. 
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Suitability  as  source  of- 


Topsoil 


Fair  to 

Good: 

good  in 

about  3 

surface 

feet  of 

laver. 

over- 

Poor to 

burden 

fair  in 

on  well- 

subsoil: 

graded 

moder- 

mixture 

ately  fine 

of  sand 

to  coarse 

and 

texture. 

gravel. 

Poor  to 

Good: 

fair  in 

about  3 

surface 

feet  of 

layer. 

over- 

Poor to 

burden 

fair  in 

on  well- 

subsoil: 

graded 

moder- 

mixture 

ately  fine 

of  sand 

to  coarse 

and 

texture. 

gravel. 

Sand  and 
gravel 


Road  subgrade  material 


Poor  in  subsoil:     fair 
shear  strength;  good 
to  fair  compaction 
characteristics; 
medium  compressi- 
bility; moderate 
shrink-swell  po- 
tential; subject  to 
frost  heave;  fair 
stability. 

Very  good  in  substra- 
tum: good  to  fair 
shear  strength;  fair 
to  good  compaction 
characteristics; 
slight  compressi- 
bility; low  shrink- 
swell  potential;  low 
susceptibility  to 
frost  heave;  fair 
to  poor  stability. 


Poor  in  subsoil:     fair 
shear  strength; 
good  to  fair  com- 
paction charac- 
teristics; medium 
compressibility; 
moderate  shrink- 
swell  potential; 
subject  to  frost 
heave;  fair  stability. 

Very  good  in  sub- 
stratum:    good  to 
fair  shear  strength; 
fair  to  good  com- 
paction charac- 
teristics; slight 
compressibility;  low 
shrink-swell  poten- 
tial; low  suscepti- 
bility to  frost 
heave;  fair  to  poor 
stability. 


Soil  features  affecting — 


Highway 
location 


Loose  sand 
and  grav 
el  easily 
excava- 
ted but 
some- 
times 
hinders 
hauling; 
cuts  and 
fills 
often 
needed; 
difficult 
to  vege- 
tate ex- 
posed 
gravel  in 
road  cuts; 
subject 
to  frost 
heave. 


Loose  sand 
and 
gravel 
easily 
excavated 
but 
some- 
times 
hinders 
hauling; 
cuts  and 
fills 
often 
needed; 
difficult 
to  vege- 
tate 

exposed 
gravel  in 
road 
cuts; 
subject 
to  frost 
heave  in 
subsoil. 


Agricultural 
drainage 


Natural 
drainage 
adequate; 
not 
needed. 


Natural 
drainage 
ade- 
quate; 
not 
needed. 


Farms  ponds 


Reservoir 
areas 


Rapid  seep- 
age in 
substra- 
tum. 


Rapid 

seepage 
in  sub- 
stratum. 


Embankments,  dikes, 
and  levees 


Fair  stability  in  sub- 
soil:    good  to  fair 
compaction  char- 
acteristics; low 
permeability  when 
compacted;  medium 
compressibility; 
good  resistance  to 
piping;  moderate 
shrink-swell  po- 
tential; fair  shear 
strength. 

Fair  to  poor  stability 
in  substratum: 
fair  to  good  com- 
paction character- 
istics; high  to  mod- 
erate permeability 
when  compacted; 
slight  compressi- 
bility; fair  to  good 
resistance  to  piping; 
low  shrink-swell 
potential;  good  to 
lair  shear  strength. 

Fair  stability  in  sub- 
soil:    good  to  fair 
compaction  char- 
acteristics; low 
permeability  when 
compacted;  medium 
compressibility; 
good  resistance  to 
piping;  moderate 
shrink-swell  po- 
tential; fair  shear 
strength 

Fair  to  poor  stability 
in  substratum: 
fair  to  good  com- 
paction characteris- 
tics; high  to  moder- 
ate permeability 
when  compacted; 
slight  compressibil- 
ity; fair  to  good 
resistance  to  piping; 
low  shrink-swell 
potential;  good  to 
fair  shear  strength. 


See  footnotes  at  end  of  table. 
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engineering  properties — 


Soil  features  affecting— Continued 

Degree  and  kind  of  limitation  for — 

Terraces  and 

Foundations 

Sewage  disposal 

Grassed  waterways 

diversions  ' 

of  buildings 

fields 

Sewage  lagoons 

Sanitary  landfills  • 

Difficult  to  vege- 

Difficult to  vege- 

Good to  fair  shear 

Slight:     moderate 

Severe:     porous 

Severe:     porous 

tate;  erosion 

tate;  erosion 

strength;  mod- 

permeability; 

sand  and  gravel 

sand  and  gravel 

hazard  during 

hazard  during 

erate  to  low 

possible  contami- 

at depths  of  31  to 

at  depths  of  31  to 

construction. 

construction. 

shrink-swell 

nation  of  ground 

60  inches;  very- 

60  inches;  hazard 

potential;  medium 

water. 

rapid  permeabil- 

of free  leachate 

compressibility  in 

ity  in  sand  and 

flow  to  ground 

subsoil;  slight 

gravel. 

water. 

compressibility  in 

substratum. 

Difficult  to  vege- 

Difficult to  vege- 

Good to  fair  shear 

Slight:     moderate 

Severe :    porous 

Severe:    porous 

tate;  erosion 

tate;  erosion 

strength;  moder- 

permeability; 

sand  and  gravel 

sand  and  gravel 

hazard  during 

hazard  during 

ate  to  low  shrink- 

possible  contami- 

at depths  of  31  to 

at  depths  of  31  to 

construction. 

construction. 

swell  potential; 

nation  of  ground 

60  inches;  very 

60  inches;  hazard 

medium  compress- 

water. 

rapid  permeability 

of  free  leachate 

ibility  in  subsoil; 

in  sand  and 

flow  to  ground 

slight  compressi- 

gravel. 

water. 

bility  in  substra- 

tum. 
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Suitability  as  source  of — 

Soil  features  affecting — 

series 

map 

Farms  ponds 

nbols 

Topsoil 

Sand  and 
gravel 

Road  subgrade  material 

Highway 
location 

Agricultural 
drainage 

Reservoir 

Embankments,  dikes, 

areas 

and  levee3 

:e:     Gn. 

Good  in 

Poor  to 

Fair  to  poor  in  subsoil 

Subject  to 

Natural 

Moderate 

Fair  stability  in  sub- 

surface 

unsuit- 

and substratum: 

flooding 

drainage 

to  slow 

soil  and  substratum: 

layer: 

able: 

fair  to  poor  shear 

and 

ade- 

seepage; 

fair  to  poor  com- 

subject 

location 

strength;  fair  to 

frost 

quate; 

subject 

paction  characteris- 

to stream 

of  sand 

poor  compaction 

heave. 

subject 

to  flood- 

tics; moderate  to 

flooding. 

and 

characteristics; 

to  flood- 

ing. 

low  permeability 

gravel 

medium  to  high 

ing;  not 

when  compacted; 

spotty; 

compressibility;  low 

needed. 

medium  to  high 

deep 

shrink-swell  poten- 

compressibility; fair 

over- 

tial; subject  to 

resistanco  to  piping; 
low  shrink-swell 

burden; 

frost  heave;  fair 

dipper 

stability. 

potential;  fair  to 

equip- 

poor shear  strength. 

ment 

neces- 

sary. 

e 

Fair  in  sur- 

Poor to 

Fair  to  good  in  sub- 

Subject to 

Natural 

Rapid 

Fair  stability  in  sub- 

y 

face 

unsuit- 

soil and  substra- 

flooding 

drainage 

seepage 

soil  and  substratum: 

int: 

layer. 

able; 

tum:     fair  shear 

and  frost 

ade- 

in sub- 

fair compaction 

Fair 

location 

strength;  fair 

heave. 

quate; 

stratum; 

characteristics;  high 

to  poor 

of  sand 

compaction  char- 

subject 

subject 

to  moderate  per- 

in sub- 

and 

acteristics;  slight 

to  flood- 

to flood- 

meability when 

soil: 

gravel 

compressibility;  low 

ing;  not 

ing. 

compacted;  slight 

coarse 

spotty; 

shrink-swell  poten- 

needed. 

compressibility;  fair 

texture; 

deep 

tial;  subject  to 

to  good  resistance  to 

subject 

over- 

frost heave;  fair 

piping;  low  shrink- 

to  flood- 

burden; 

stability. 

swell  potential;  fair 

ing. 

dipper 
equip- 
ment 
neces- 
sary. 

shear  strength. 

pin: 

Fair  in 

Not  suit- 

Fair to  poor  in  sub- 

Cuts and 

Natural 

Moderate 

Fair  stability  in  sub- 

surface 

able. 

soil  and  substratum: 

fills 

drainage 

to  slow 

soil  and  substratum: 

layer: 

fair  to  poor  shear 

needed; 

ade- 

seepage. 

fair  to  poor  com- 

thin; 

strength;  fair  to 

difficult 

quate; 

paction  character- 

steep 

poor  compaction 

to 

not 

istics;  moderate  to 

slopes. 

characteristics; 

vegetate 

needed. 

low  permeability 

Fair  to 

medium  to  high 

road 

when  compacted; 

poor  in 

compressibility; 

cuts; 

medium  to  high 

subsoil. 

low  shrink-swell 
potential;  subject 
to  frost  heave;  fair 
stability. 

subject 
to  frost 
heave. 

compressibility; 
fair  resistance  to 
piping;  low  shrink- 
swell  potential; 
fair  to  poor  shear 
strength. 

jsville, 

Fair  to 

Not  suit- 

Fair to  poor  in  sub- 

Seasonal 

Seasonal 

Moderate 

Fair  to  poor  stability 

■y  sub- 

good  in 

able. 

soil  and  substra- 

high 

high 

to  slow 

in  subsoil  and  sub- 

vari- 

surface 

tum:     fair  to  poor 

water 

water 

seepage; 

stratum  :     fair  to 

Mc. 

layer: 

shear  strength;  fair 

table; 

table; 

seasonal 

poor  compaction 

moder- 

to poor  compaction 

subject 

slow  per- 

high 

characteristics;  low 

ately  fine 

characteristics; 

to  frost 

meabil- 

water 

permeability  when 

texture.  . 

medium  to  high 

heave. 

ity; 

table. 

compacted;  medium 

Poor  in 

compressibility; 

stratified 

to  high  compressi- 

subsoil: 

moderate  shrink- 

silt  and 

bility;  good  resist- 

fine tex- 

swell potential;  sub- 

clay be- 

ance to  piping;  mod- 

ture; 

ject  to  frost  heave; 

low 

erate  shrink-swell 

seasonal 

fair  to  poor  stabil- 

depth of 

potential;  fair  to 

high 

ity;  seasonal  high 

36  inches. 

poor  shear  strength. 

water 

water  table. 

table. 

See  footnotes  at  end  of  table. 
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engineering  -properties — 


Soil  features  affecting — Continued 


Degree  and  kind  of  limitation  for — 


Grassed  waterways 


Terraces  and 
diversions  ' 


Foundations 
of  buildings 


Sewage  disposal 
fields 


Sewage  lagoons 


Sanitary  landfills  * 


Soil  features 
favorable; 
generally  not 
needed. 


Soil  features  favor- 
able; not  needed 
because  of 
topography. 


Difficult  to  vege- 
tate; generally 
not  needed. 


Not  needed. 


Difficult  to  vege- 
tate; erosion 
hazard  during 
construction. 


Not  needed- 


Soil  features 
favorable;  gen- 
erally not 
needed. 


Soil  features  favor- 
able; generally 
not  needed,  but 
diversions  can  be 
used  to  channel 
excess  water  from 
higher  soils. 


Subject  to  flooding; 
fair  to  poor  shear 
strength;  low 
shrink-swell 
potential;  medium 
to  high  compress- 
ibility. 


Subject  to  flooding; 
fair  to  poor  shear 
strength;  low 
shrink-swell 
potential;  medium 
to  high  compress- 
ibility. 


Fair  to  poor  shear 
strength;  low 
shrink-swell 
potential;  medium 
to  high  compress- 
ibility. 


Seasonal  high  water 
table;  subject  to 
ponding;  fair  to 
poor  shear 
strength;  moder- 
ate shrink-swell 
potential;  medium 
to  high  compress- 
ibility. 


Severe:  subject  to 
flooding;  moder- 
ate permeability. 


Severe:     subject  to 
flooding. 


Severe:     subject  to 
flooding. 


Severe:     subject  to 
flooding;  moder- 
ately rapid 
permeability. 


Severe:     subject  to 
flooding. 


Severe:     subject  to 
flooding. 


Severe:     slopes  too 
steep;  moderate 
permeability. 


Severe:     steep 
slopes  severely 
hinder  develop- 
ment of  site. 


Severe:    steep 
slopes  severely 
hinder  develop- 
ment of  site. 


Severe:     slow  per- 
meability; sea- 
sonal high  water 
table. 


Severe:     very  poorly 
drained;  seasonal 
high  water  table. 


Severe:     very  poorly 
drained;  seasonal 
high  water  table; 
clayey  material 
hinders  traffic- 
ability  and  is 
subject  to  cracking 
or  drying. 
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SOIL   SURVEY 


— Interpretations  of 

Suitability  as  source  of — 

Soil  features  affecting — 

Soil  8eries 

and  map 

Farms  ponds 

symbols 

Topsoil 

Sand  and 
gravel 

Road  subgrade  material 

Highway 
location 

Agricultural 
drainage 

Reservoir 

Embankments,  dikes, 

areas 

and  levees 

lartinsville: 

Good  to 

Not  suit- 

Fair to  poor  in  sub- 

Cuts and 

Natural 

Moderate 

Fair  stability  in  sub- 

MeA, 

fair  in 

able. 

soil  and  substra- 

fills gen- 

drainage 

seepage. 

soil  and  substra- 

MeB2. 

surface 

tum  :     fair  to  poor 

erally 

ade- 

tum:    fair  to  poor 

layer. 

shear  strength;  fair 

needed; 

quate  ; 

compaction  charac- 

Fair to 

to  poor  compaction 

subject 

not 

teristics;  moderate 

poor  in 

characteristics; 

to  frost 

needed. 

to  low  permeability 

Bubsoil: 

medium  to  high 

heave. 

when  compacted; 

moder- 

compressibility; 

medium  to  high 

ately  fine 

moderate  to  low 

compressibility;  fair 

texture. 

shrink-swell  poten- 
tial; subject  to  frost 
heave;  fair  stability. 

resistance  to  piping; 
moderate  to  low 
shrink-swell  poten- 
tial; fair  to  poor 
shear  strength. 

liami: 

MmB2. 

Fair  to 

Not  suit- 

Fair to  poor  in  sub- 

Cuts and 

Natural 

Moderate 

Fair  to  poor  stability 

MmC2, 

poor  in 

able. 

soil  and  substra- 

fills 

drainage 

to  slow 

in  substratum:     fair 

MmD2, 

surface 

tum:     fair  to  poor 

needed; 

ade- 

seepage. 

to  poor  compaction 

MmE2. 

layer 

shear  strength;  fair 

subject 

quate; 

characteristics;  low 

and  in 

to  poor  compaction 

to  frost 

not 

permeability  when 

subsoil: 

characteristics; 

heave. 

needed. 

compacted;  medium 

moder- 

medium to  high 

to  high  compressi- 

ately fine 

compressibility; 

bility;  good  resist- 

texture. 

moderate  to  low 
shrink-swell  poten- 
tial; subject  to  frost 
heave;  fair  to  poor 
stability. 

ance  to  piping;  mod- 
erate to  iow  shrink- 
swell  potential;  fair 
to  poor  shear 
strength. 

MsB3, 

Poor  in 

Not  suit- 

Fair to  poor  in  sub- 

Cuts and 

Natural 

Moderate 

Fair  to  poor  stability 

MsC3. 

surface 

able. 

soil  and  substra- 

fills 

drainage 

to  slow 

in  subsoil  and  sub- 

MsD3. 

layer  and 

tum:     fair  to  poor 

needed; 

ade- 

seepage. 

stratum:     fair  to 

subsoil: 

shear  strength;  fair 

subject 

quate; 

poor  compaction 

moder- 

to poor  compaction 

to  frost 

not 

characteristics;  low 

ately  fine 

characteristics; 

heave. 

needed. 

permeability  when 

texture. 

medium  to  high 
compressibility; 
moderate  to  low 
shrink-swell  poten- 
tial; subject  to  frost 
heave;  fair  to  poor 
stability. 

compacted;  medium 
to  high  compressi- 
bility; good  resist- 
ance to  piping;  mod- 
erate to  low  shrink- 
swell  potential;  fair 
to  poor  shear 
strength. 

See  footnotes  at  end  of  table. 
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Soil  features  affecting— Continued 

Degree  and  kind  of  limitation  for — 

Terraces  and 

Foundations 

Sewage  disposal 

Grassed  waterways 

diversions  ' 

of  buildings 

fields 

Sewage  lagoons 

Sanitary  landfills  ' 

Soil  features 

Soil  features  favor- 

Fair to  poor  shear 

Slight.. 

Severe:     underlying 
material  too  sandy 

Severe:     porous  sane 
and  gravel  at 

favorable. 

able. 

strength;  moder- 

ate to  low  shrink- 

to  hold  water. 

depth  of  48  to  68 

swell  potential; 

inches;  hazard  of 

medium  to  high 

free  leachate  flow 

compressibility. 

to  ground  water. 

Soil  features 

Soil  features  favor- 

Fair to  poor  shear 

Moderate:     mod- 

Moderate where 

Slight  where  slopes 

favorable. 

able. 

strength;  moder- 

erate permea- 

slopes are  2  to  6 

are  2  to  12  per- 

ate to  low  shrink- 

bility.. 

percent:     mod- 

cent. 

ewell  potential; 

erate  permea- 

Moderate where 

medium  to  high 

bility. 

slopes  are  12  to  25 

compressibility. 

Severe  where  slopes 
are  C  to  23  per- 
cent:   slope 
severely  hinders 
development  of 

percent:     slope 
moderately  hin- 
ders development 
of  site. 

" 

eite. 

Soil  features 

Soil  features  favor- 

Fair to  poor  shear 

Moderate:     mod- 

Moderate where 

Slight  where  Flopes 

favorable. 

able. 

strength;  moder- 

erate permea- 

slopes are  2  to  G 

are  2  to  12  per- 

ate to  low  shrink- 

bility. 

percent:     mod- 

cent. 

Bwcll  potential; 

erate  permea- 

Moderate where 

medium  to  high 

bility. 

slopes  are  12  to  18 

compressibility. 

Severe  where  slopes 
are  6  to  18  per- 
cent:   slope 
severely  hinders 
development  of 
site. 

percent:     slope 
hinders  develop- 
ment of  site. 
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SOIL    SURVEY 


-Interpretations  of 


Suitability  as  source  of — 

Soil  features  affecting — 

Soil  series 
and  map 
symbols 

Farms  ponds 

Sand  and 

Highway 

Agricultural 

Topsoil 

gravel 

Road  subgrade  material 

location 

drainage 

Reservoir 

Embankments,  dikes, 

areas 

and  levees 

Ockley: 
OcA, 

Good  in 

Good:     at 

Poor  in  subsoil:     fair 

Loose  sand 

Natural 

Rapid  seep- 

Fair stability  in  sub- 

OcB2. 

surface 

least  3 

shear  strength;  good 

and 

drainage 

age  in 

soil:     good  to  fair 

layer. 

feet  of 

to  fair  compaction 

gravel 

ade- 

substra- 

compaction charac- 

Fair in 

over- 

characteristics; 

easy  to 

quate; 

tum. 

teristics;  low  per- 

subsoil: 

burden 

medium  compressi- 

excavate 

not 

meability  when 

moder- 

on well- 

bility;  moderate 

but 

needed. 

compacted;  medium 

ately  fine 

graded 

shrink-swell  poten- 

some- 

compressibility; 

to  coarse 

mixture 

tial;  subject  to  frost 

times 

good  resistance  to 

texture. 

of  sand 

heave;  fair  stability. 

hinders 

piping;  moderate 

and 

Very  good  in  substra- 

hauling; 

shrink-swell  poten- 

gravel. 

tum:     good  to  fair 
shear  strength;  fair 
to  good  compaction 
characteristics; 
slight  compressibil- 
ity; low  shrink-swell 
potential;  low  sus- 
ceptibility to  frost 
heave;  fair  to  poor 
stability. 

cuts  and 
fills  often 
needed; 
difficult 
to  vege- 
tate ex- 
posed 
gravel  in 
road 
cuts; 
subsoil 
subject 
to  frost 
heave. 

tial;  fair  shear 
strength. 
Fair  to  poor  stability 
in  substratum:     fair 
to  good  compaction 
characteristics;  high 
to  moderate  per- 
meability when 
compacted;  slight 
compressibility;  fair 
to  good  resistance 
to  piping;  low 
shrink-swell  poten- 
tial; good  to  fair 
shear  strength. 

OsA, 

Good  in 

Not 

Poor  in  subsoil: 

Cuts  and 

Natural 

Moderate 

Fair  to  poor  stability 

Os82. 

surface 

suitable. 

fair  shear  strength; 

fills 

drainage 

to  slow 

in  subsoil  and  sub- 

layer. 

good  to  fair  com- 

needed; 

adequate; 

seepage. 

stratum:     fair  to 

Fair  in 

paction  character- 

subject 

not 

poor  compaction 

subsoil; 

istics;  medium  com- 

to frost 

needed. 

characteristics;  low 

moder- 

pressibility; mod- 

heave. 

permeability  when 

ately  fine 

erate  shrink-swell 

compacted;  medium 

to 

potential;  subject 

to  high  compressi- 

coarse 

to  frost  heave;  fair 

bility;  good  resist- 

texture. 

stability. 
Very  good  in  sub- 
stratum:    good  to 
fair  shear  strength; 
fair  to  good  com- 
paction character- 
istics; slight  com- 
pressibility; low 
shrink-swell  poten- 
tial; low  suscepti- 
bility to  frost  heave; 
fair  to  poor 
stability. 

ance  to  piping; 
moderate  to  low 
shrink-swell  potential ; 
fair  to  poor  shear 
strength. 

Ragsdale: 

Good  in 

Not 

Fair  to  poor  in  sub- 

Seasonal 

Seasonal 

Moderate  to 

Fair  stability  in  sub- 

Ra. 

surface 

suitable. 

soil  and  substratum: 

high 

high 

slow 

soil  and  substratum: 

layer. 

fair  to  poor  shear 

water 

water 

seepage; 

fair  compaction 

Fair  to 

strength;  fair  com- 

table; 

table; 

seasonal 

characteristics;  mod- 

poor in 

paction  character- 

moder- 

slow 

high 

erate  to  low  perme- 

subsoil; 

istics;  medium 

ately 

perme- 

water 

ability  when  com- 

moder- 

compressibility; 

high 

ability. 

table. 

pacted;  medium 

ately 

moderate  to  low 

suscep- 

compressibility; fair 

fine 

shrink-swell  poten- 

tibility 

resistance  to  piping; 

texture; 

tial;  subject  to 

to  frost 

moderate  to  low 

seasonal 

frost  heave;  fair 

heave. 

shrink-swell  poten- 

high 

stability;  seasonal 

tial;  fair  to  poor 

water 

high  water  table. 

shear  strength. 

table. 

See  footnotes  at  end  of  table. 
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engineering  properties — 


Soil  features  affecting — Continued 


'Degree  and  kind  of  limitation  for- 


Grassed  waterways 


Terraces  and 
diversions  ' 


Foundations 
of  buildings 


Sewage  disposal 
fields 


Sewage  lagoons 


Sanitary  landfills  3 


Soil  features 
favorable. 


Soil  features  favor- 
able. 


Soil  features 
favorable. 


Soil  features  favor- 
able. 


Soil  features 
favorable; 
generally  not 
needed. 


Soil  features  favor- 
able; generally 
not  needed,  but 
diversions  can  be 
used  to  channel 
excess  water  from 
higher  soils. 


Good  to  fair  shear 
strength;  moder- 
ate to  low  shrink- 
swell  potential; 
medium  compres- 
sibility in  subsoil; 
slight  compressi- 
bility in  sub- 
stratum. 


Fair  to  poor  shear 
strength;  moder- 
ate to  low  shrink- 
Bwell  potential; 
medium  to  high 
compressibility. 


Seasonal  high  water 
table;  subject  to 
ponding;  fair  to 
poor  shear 
strength;  moder- 
ate to  low  shrink- 
swell  potential; 
medium  com- 
pressibility; mod- 
erate to  high  sus- 
ceptibility to 
frost  heave. 


Slight:     moderate 
permeability; 
possible  contami- 
nation of  ground 
water. 


Moderate:     moder- 
ate permeability. 


Severe:     slow  per- 
meability; sea- 
sonal high  water 
table. 


Severe:     porous  sand 
and  gravel  at 
depth  of  48  to  68 
inches;  very  rapid 
permeability  in 
sand  and  gravel. 


Moderate:     lateral 
seepage  through 
strata  of  sand  and 
gravel. 


Severe:     very 
poorly  drained; 
seasonal  high 
water  table. 


Severe:     porous  sane 
and  gravel  at 
depth  of  48  to  68 
inches;  hazard  of 
leachate  flow  to 
ground  water. 


Sight. 


Severe:    very 
poorly  drained; 
seasonal  high 
water  table;  sub- 
ject to  ponding; 
sUty  clay  loam 
and  silt  loam 
materials  hinder 
trafficability. 
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Soil  series 
and  map 
symbols 


SOIL   SUBVET 


-Interpretations  0j 


Suitability  as  source  of — 


Topsoil 


Sh„. 


Fair  to 
good  in 
surface 
layer: 
moder- 
ately 
fine  tex- 
ture. 

Poor  in 
subsoil: 
moder- 
ately fine 
texture; 
seasonal 
high 
water 
table. 


Sand  and 
gravel 


Not 

suitable. 


Soil  features  affecting — 


Road  subgrade  material 


Fair  to 

Not 

good  in 

suitable. 

surface 

layer. 

Fair  to 

poor  in 

subsoil: 

some- 

what 

moder- 

ately 

fine  tex- 

ture. 

Good  in 

Poor  to  un- 

surface 

suitable; 

layer. 

location 

Good  to 

of  sand 

fair  in 

and  grav- 

subsoil: 

el  spotty; 

subject 

deep 

to  stream 

overbur- 

flooding; 

den;  dip- 

seasonal 

per 

high  wa- 

equip- 

ter table. 

ment 

I       neces- 

'      sary. 

Highway 
location 


Poor  in  subsoil:     f au- 
to poor  shear 
strength;  fair  to 
poor  compaction 
characteristics; 
medium  to  high 
compressibility; 
moderate  shrink- 
swell  potential; 
subject  to  frost 
heave;  fair  stability; 
seasonal  high  water 
table. 

Fair  to  poor  in  sub- 
stratum:    fair  to 
poor  shear  strength; 
poor  compaction 
characteristics; 
medium  compressi- 
bility; low  shrink- 
swell  potential; 
subject  to  frost 
heave;  poor 
stability. 

Fair  to  poor  in  sub- 
soil and  substratum: 
fair  to  poor  shear 
strength;  fair  to 
poor  compaction 
characteristics; 
medium  to  high 
compressibility; 
moderate  to  low 
shrink-swell  poten- 
tial; subject  to  frost 
heave;  fair  to  poor 
stability. 


Fair  to  poor  in  sub- 
soil and  substratum: 
fair  to  poor  shear 
strength;  fair  to 
poor  compaction 
characteristics;  me- 
dium to  high  com- 
pressibility; low 
shrink-swell  poten- 
tial; subject  to 
frost  heave;  seasonal 
high  water  table. 


Seasonal 
high 
water 
table ; 
subject 
to  frost 
heave. 


Agricultural 
drainage 


Cuts  and 
fills 

needed; 
subject 
to  frost 
heave. 


Subject  to 
flooding 
and  frost 
heave; 
seasonal 
high  wa- 
ter table. 


Farms  ponds 


Reservoir 
areas 


Seasonal 
high 
water 
table; 
slow  per- 
meability; 
sand  and 
gravel 
sub- 
stratum. 


Natural 
drainage 
ade- 
quate; 
not 
needed. 


Seasonal 
high  wa- 
ter table; 
moderate 
permea- 
bility; 
subject 
to  flood- 
ing. 


Moderate 
to  slow 
seepage; 
seasonal 
high 
water 
table. 


Embankments,  dikes, 
and  levees 


Moderate 
to  slow 
seepage. 


Moderate 
to  slow 
seepage; 
subject 
to  flood- 
ing; sea- 
sonal 
high  wa- 
ter table. 


Fair  stability  in  sub- 
soil:    fair  to  poor 
compaction  charac- 
teristics; low  perme- 
ability when  com- 
pacted; medium  to 
high  compressibility; 
good  resistance  to 
piping;  moderate 
shrink-swell  poten- 
tial; fair  to  poor 
shear  strength. 

Poor  stability  in  sub- 
stratum:    poor 
compaction  charac- 
teristics; moderate 
permeability  when 
compacted; 
medium  compressi- 
bility; poor  resist- 
ance to  piping;  low 
shrink-swell  poten- 
tial; fair  to  poor 
shear  strength. 

Fair  to  poor  stability 
in  subsoil  and  sub- 
stratum:     fair  to 
poor  compaction 
characteristics;  low 
permeability  when 
compacted;  medium 
to  high  compressi- 
bility; good  resist- 
ance to  piping; 
moderate  to  low 
shrink-swell  poten- 
tial; fair  to  poor 
shear  strength. 

Fair  stability  in  sub- 
soil and  substratum: 
fair  to  poor  com-_ 
paction  characteris- 
tics; moderate  to 
low  permeability 
when  compacted; 
medium  to  high 
compressibility;  fair 
resistance  to  piping; 
low  shrink-swell  po- 
tential; fair  to  poor 
shear  strength. 


See  footnotes  at  end  of  table. 
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engineering  properties— 


Soil  features  affecting— Continued 

•  Degree  and  kind  of  limitation  for — 

Grassed  waterways 

Terraces  and 
diversions  ' 

Foundations 
of  buildings 

Sewage  disposal 
fields 

Sewage  lagoons 

Sanitary  landfills  ' 

Soil  features 
favorable; 
generally 
not  needed. 

Soil  features 
favorable; 
generally  not 
needed,  but 
diversions  can 
be  used  to 
channel  excess 
water  from 
higher  soils. 

Seasonal  high  water 
table;  subject  to 
ponding;  fair  to 
poor  shear 
strength;  moder- 
ate shrink-swell 
potential;  medium 
to  high  com- 
pressibility. 

Severe:     slow 
permeability; 
seasonal  high 
water  table. 

Severe:     very  poorly 
drained;  seasonal 
high  water  table; 
subject  to  pond- 
ing. 

Severe:     very  poorly 
drained:  seasonal 
high  water  table; 
subject  to  ponding 

Soil  features 
favorable. 

Soil  features 
favorable. 

Fair  to  poor  shear 
strength;  moder- 
ate to  low  shrink- 
swell  potential; 
medium  to  high 
compressibility. 

Moderate:     moder- 
ate permea- 
bility. 

Moderate  where 
slopes  are  2  to  6 
percent:     moder- 
ate permeability. 

Severe  where  slopes 
are  6  to  12  per- 
cent:    moderate 
permeability. 

Slight. 

Soil  features  fa- 
vorable; gener- 
ally not  needed. 

i 

Soil  features  favora- 
ble; not  needed. 

Seasonal  high  water 
table;  subject 
to  flooding; 
fair  to  poor  shear 
strength;  low 
shrink-swell  po- 
tential; medium  to 
high  compressi- 
bility. 

Severe:     seasonal 
high  water  table; 
subject  to  flood- 
ing; moderate 
permeability. 

Severe:     subject  to 
flooding. 

Severe:     subject  to 
flooding;  some- 
what poorly 
drained;  seasonal 
high  water  table. 
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SOIL   SURVEY 


-Interpretations  o) 


Suitability  as  source  of — 

Soil  features  affecting — 

Soil  series 

and  map 

Farms  ponds 

symbols 

Topsoil 

Sand  and 
gravel 

Road  subgrade  material 

Highway 
location 

Agricultural 
drainage 

Reservoir 

Embankment9,  dikes, 

areas 

and  levees 

Whitaker:  Wh._ 

Good  in 

Not  suita- 

Poor in  subsoil:     fair 

Seasonal 

Seasonal 

Moderate 

Fair  stability  in  sub- 

surface 

ble. 

to  poor  shear 

high  wa- 

high wa- 

seepage; 

soil:     fair  to  poor 
compaction  charac- 

layer. 

strength;  fair  to 

ter  table. 

ter  table; 

seasonal 

Fair  to 

poor  compaction 

moderate 

high  wa- 

teristics; low  perme- 

poor in 

characteristics;  mod- 

permea- 

ter table. 

ability  when  com- 

subsoil: 

erate  shrink-swell 

bility; 

pacted;  medium  to 

moder- 

potential; subject  to 

stratified 

high  compressi- 

ately fine 

frost  heave;  fair  sta- 

silt and 

bility;  good  re- 

texture; 

bility;  seasonal  high 

sand  be- 

sistance to  piping; 

seasonal 

water  table. 

low  depth 

moderate  shrink- 

high  wa- 

Fair to  poor  in  sub- 

of 36 

swell  potential;  fair 

ter  table. 

stratum:     fair  to 
poor  shear  strength; 
poor  compaction 
characteristics;  me- 
dium compressi- 
bility; low  shrink- 
swell  potential;  sub- 
ject to  frost  heave; 
poor  stability. 

inches. 

to  poor  shear 
strength. 
Poor  stability  in  sub- 
stratum:    poor 
compaction  charac- 
teristics; moderate 
permeability  when 
compacted;  medium 
compressibility;    - 
poor  resistance  to 
piping;  low  shrink-     ; 
swell  potential;  fair 
to  poor  shear 
strength. 

Xenia:      XeA, 

Fair  to 

Not  suita- 

Fair to  poor  in  sub- 

Cuts and 

Natural 

Moderate 

Fair  to  poor  stability 

XeB2. 

good  in 

ble. 

soil  and  substratum: 

fills  gen- 

drainage 

to  slow 

in  subsoil  and  sub- 

surface 

fair  to  poor  shear 

erally 

adequate; 

seepage. 

stratum:     fair  to 

layer. 

strength;  fair  to 

needed; 

generally 

poor  compaction 

Fair  to 

poor  compaction 

subject 

not 

characteristics;  low 

poor  in 

characteristics;  me- 

to frost 

needed. 

permeability  when 

subsoil: 

dium  to  high  com- 

heave. 

compacted;  medium 

moder- 

pressibility; moder- 

to high  compressi- 

ately 

ate  to  low  shrink- 

bility;  good  re- 

fine tex- 

swell potential;  sub- 

sistance to  piping; 

ture. 

ject  to  frost  heave; 
fair  to  poor  stability. 

moderate  to  low 
shrink-swell  poten- 
tial; fair  to  poor 
shear  strength. 

Not  suitable  if  slope  is  more  than  12  percent. 
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engineering  properties — 


Soil  features  affecting — Continued 

^Degree  and  kind  of  limitation  for — 

Terraces  and 

Foundations 

Sewage  disposal 

Grassed  waterways 

diversions  ' 

of  buildings 

fields 

Sewage  lagoons 

Sanitary  landfills  s 

Soil  features  fa- 

Soil features  favora- 

Seasonal high  water 

Severe:     moderate 

Severe:     stratified 

Severe:     somewhat 

vorable. 

ble. 

table;  fair  to  poor 

permeability;  sea- 

material at  depth 

poorly  drained; 

shear  strength; 

sonal  high  water 

less  than  5  feet 

seasonal  high  wa- 

moderate to  low 

table. 

allows  for  possible 

ter  table;  strati- 

shrink-swell po- 

rapid seepage. 

fied  silty  and 

tential;  medium 

sandy  material  at 

to  high  compressi- 

depth less  than  60 

bility. 

inches;  hazard  of 
free  leachate  flow 
to  ground  water. 

Soil  features  fa- 

Soil features  favora- 

Fair to  poor  shear 

Moderate:     moder- 

Moderate:    moder- 

Moderate:    silty 

vorable. 

ble. 

strength;  moder- 

ately slow  perme- 

ately slow  perme- 

clay loam  and 

ate  to  low  shrink- 

ability. 

ability. 

clay  loam  texture 

swell  potential; 

moderately  affects 

medium  to  high 

workability. 

compressibility. 

•  Onsite  study  of  the  underlying  strata,  water  tables,  and  hazards  of  aquifer  pollution  and  drainage  into  ground  water  need  to  be  madi 
for  landfills  more  than  5  to  6  feet  deep. 
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APPENDIX  D  SUBSURFACE  DATA1  53 

1.  NEyNW/iSW1/,    sec.    14,    T.    14    N.,   R.    2    E.     Surface    altitude    is    743    It 

(227  m).    Water  well   (driller's  log). 

Depth   (ft) 
from  to 

Quaternary   System: 

Clay,    yellow    0  9 

Clay,  sandy,  yellow   9  28 

Mississippian  System: 

Shale,    blue    28  100 

Shale,  blue-gray   100  110 

2.  SWUSWHSW/,  sec.  12,  T.  14  N.,  R.  3  E.   Surface  altitude  is  755  ft  (230  ra). 

Water  well  (driller's  log). 

Depth   (ft) 

from  to 

Wisconsin  Stage: 

Gravel  and  clay   0  21 

Sand   and   gravel    21  34 

Gravelly   clay,   hard    34  54 

Illinoian   Stage: 

Clay,  sandy,  green   (Sangamon  Stage?)    54  62 

Clay,  gravelly,  brown  62  93 

Sand     93  95 

Sandy  clay,  brown    95  121 

Pre-Illinoian  Stage?: 

Sand,  green    (Yarmouth  Stage?)    121  133 

Clay,  sandy,  brown    (Kansan  Stage?)    133  143 

Gravel    143  150 

3.  SW^NWViSW'/iNEVi  sec.  22,  T.  14  N.,  R.  3  E.   Indiana  Geological  Survey 

auger  hole  at  cast  edge  of  small  bog;  altitude  of  surface  is  C95  ft  (212  m). 

Depth  (ft) 

from  to 

Silt,  peat,  and  marl   0  9 

Till     9  11 

4.  SEViSWUNEUSE'/i  sec.  22,  T.  14  N.,  R.  3  E.  Indiana  Geological  Survey 
auger  hole;  altitude  of  surface  is  710  ft  (216  m);  altitude  of  bottom 
Of  hole  is  C61  ft  (203  m). 

Depth   (ft) 

from  to 
Wisconsin  Stage  and  possible  pre-Wisconsln  stages: 

Top  soil  and  sandy  gravel   0  30 

Gravelly  sand   30  35 

Gravel,   fine    35  37 

Sandy   gravel    37  43 

Sand    43  49 

6.  NW^SE'ANWli  sec.  13,  T.  14  N.,  R.  4  E.  Indiana  Geological  Survey 
auger  hole;  altitudo  of  surface  is  900  ft  (274  m). 

Depth  (ft) 
from  to 

Till     0  12 

6.  SEMSW^SEViNWU  sec.  14,  T.  14  N.,  R.  4  E.  Indiana  Geological  Survey 
auger  hole;  altitude  of  surface  is  S57  ft  (2C1  m). 

Depth  (ft) 
from  to 

Top  soil  and  oxidized  till  ■ 0  20 

Unoxidized  till   .' 20  34 

Sand,  water-bearing   34 

1  Localities  are  listed  in  order  of  Increasing  township  numbers.  Increasing  range  numbers 
within  tiers  of  townships,  and  Increasing  section  numbers  within  each  township.  Location 
of  all  holes  is  shown  on  plate  3. 


7.  Center  W%NE%NE%SEJ4   sec.   14,  T.  14  N.,  R.  4  E.    Indiana  Geological 

Survey  auger  hole;  altitude  of  surface  is  S72  ft  (2GS  m).  54 

Depth   (ft) 

from  to 
Wisconsin  Stage: 

Till  and  top  soil,  oxidized  0  12 

Till,   unoxidized    12  22 

Till,  sandy,  unoxidized    22  24 

Till,  clayey,  unoxidized   24  30 

8.  NE'4SW'/iSW'4SE%  sec.  14,  T.  14  N.,  R.  4  E.    Indiana  Geological  Survey 

auger  hole;    altitude  of  surface  is   S67   ft    (204   m) ;    altitude  of  bottom 
of  hole  is  S13.5  ft   (24S  m). 

Depth   (ft) 
from  to 

Till   0  54 

9.  NWViNW'4  sec.  23,  T.  14  N.,  R.  4  E.,  330  ft  south  of  north  line  and  990  ft 

east   of   west   line.    Surface   altitude   is   S42   ft    (257   m).    Oil   test   well 

(modified  from  driller's  log). 2 

Depth   (ft) 

from  to 

Quaternary   System: 

Glacial   drift    0  240 

Devonian  System: 

Shale,   black    240  25g 

Limestone     25g  3g0 

Silurian  System: 

Limestone  and  shale    3g0  go, 

Ordovician  System: 

Limestone  and  shale   (Cincinnatian  Series)    532  1,098 

Limestone   (Trenton  Limestone)    1098  1100 

10.    SE'/4NEy4NW'i  sec.  7,  T.  14  N.,  R.  5  E.   Surface  altitude  is  850  ft  (259  m). 
Water  well   (driller's  log). 

Depth   (ft) 

from  to 

Quaternary   System: 

Top  soil  and  rlay  0  ,,. 

Sand  and  clay   25  ... 

Clay,  blue-gray   ...'.'.'.'.'.'..'.  116  184 

Devonian  System: 

Limestone    184  m 

No  sample  recovered   (cavern?)    jS5  19i 

Limest0De     '.'.'.'.'.'.'.'.'.'.  194  260 

11.  SW%NEUNW%SW14  sec.  22.  T.  14  N.,  R.  5  E.    Indiana  Geological  Survey 

auger  hole;  altitude  of  surface  is  806  ft  (248  m). 

Depth   (ft) 
o      .    .           .  from  to 

band,  becoming  increasingly  coarse  0  11 

12.  SW%  sec.  14,  T.  15  N.,  R.  2  E.,  1,300  ft  north  of  south  line  and  1,950  ft 

east   of   west   line.    Surface  altitude   is   790   ft    (241   m).    Oil   test   well 
(modified  from  driller's  log). 

Depth  (ft) 

■mi  ■     ~  from  to 

Wisconsin  Stage: 

Sand  and  gravel    n  . 

Till     '  4 

4  42 

Sand,  water-bearing   10  ,. 

Till     ...  ,  4* 

44  72 

Illinoian  Stage: 

Sand,  bluish,  water-bearing   (Sangamon  Stage?)    72  81 

Till,   brown    R1 

Sand     .  81  85 

Till • 85  95 

Sand 95  135 

135  156 


GEOLOGY  OF  MARION  COUNTY,  INDIANA  55 

Kansan  Stage?: 

Clay,  sandy   „,._       156  m 

Clay,    brown    176  194 

Sand,   coarse    194  igg 

Devonian  System: 

Shale,   black    196  292 

Limestone    292  294 

13.  NW'/4NWy4  sec.  21,  T.  15  N,  R.  2  E.,  850  ft  south  of  north  line  and  150  ft 

east  of  west  line.  Surface  altitude  is  750  ft  (229  m).  This  log  is  from 
the  well  described  in  several  old  reports  as  "drilled  one  and  one-half 
miles  northwest  of  Bridgeport."  Oil  test  well  (stratigraphic  terminology 
partly  from  driller's  log). 

Depth   (ft) 

from  to 

Quaternary   System: 

Glacial    drift    0  170 

Mississippian  System: 

Knobstone  shale   (Borden  Group)    170  255 

Devonian  System: 

Gencssee  shale  (New  Albany  Shale)    255  380 

"Corniferous"   limestone    380  520 

Silurian  System: 

Niagara  shale   520  570 

Niagara    limestone    570  57Q 

14.  NW'/iSE^SWU  sec.  23,  T.  15  N.,  R.  2  E.   Surface  altitude  is  790  ft  (241  m). 

Water  well   (modified  from  driller's  log). 

Depth   (ft) 

from  to 

Quaternary    System: 

Clay,  sandy  in  places  0  60 

Sand  and  clay,  alternating  60  152 

Mississippian  System: 

Shale,    blue    152  182 

Shale,    brown    182  190 

Shale,  gray    190  194 

Limestone   (Rockford  Limestone)    194  196 

Devonian  System: 

Shale,   black    19G  316 

Limestone     31c  356 

15.  SE%  sec.  2,  T.  15  N.,  R.  3  E.,  975  ft  north  of  south  line  and  1,725  ft  west 
of  east  line.  Surface  altitude  is  710  ft  (217  m).  The  following  is  a 
slightly  modified  geologist's  log  of  Indiana  Geological  Survey  drill  hole  49. 

Depth   (ft) 

from  to 
Quaternary   System: 

Fill    (cinders) 0  05 

Sand   and   gravel;    small   amount   of  clay    (gravel  to  a 

quarter  of  an  inch  diameter)    o.5  10.0 

Sand  and  gravel,  clean   10  0  19  Q 

Gravel  unit  (gravel  to  1  in.  diameter)  at  19  ft 

Sand  and  fine  gravel    (to  one-eighth  inch  diameter;   a 

few  thin  units  of  coarser  gravel ) i9.o  50.0 

Sand  and  gravel   (to  three-eighths  inch  diameter) 50.O  55^0 

Gravel    (to  1  in.  diameter)    55  0  550 

Sand,  medium  to  coarse   5g  0  70  n 

Gravel    (to  1   in.  diameter)    700  73  n 

Sand  and  gravel  (to  a  quarter  of  an  inch  diameter) 73.0  77.0 

Sand,  medium   to  coarse    (gravel   to   1   in.  diameter  at 

78   ft)     77.0  82.0 

Sand,   medium    to  coarse;    small  amount   of   gray  clay 

(probably  till)    82  0  g9  „ 

Gravel  and  sand;  some  gray  clay  (probably  till)   89.0  99.0 

Sand,  clayey,  gray    (probably  till)    990  106/7 

Devonian  System: 

Limestone     106  7  m  2 


16.  KEV,   sec.   12,  T.  15  N.,  II.  3   E.,  1.3S0  ft  south  of  north  line  and  1,760  £t 

west   of    east   line.     Surface    altitude    is   735*  ft    (224    m).     Oil    test    well 
(condensed  geologist's  log). 

The  following  is  an  example  of  the  type  of  detailed  descriptions  of  bedrock 

materials  available  for  some  of  the  logs  that  are  on  file  at  the  Indiana 
Geological  Survey.  Most  of  the  available  logs  are  even  more  detailed  than 
this  one. 

Depth   (ft) 

from  to 
Quaternary   System: 

Glacial    drift    0  110 

Devonian  System: 
Limestone,     white     or     light-gray,     finely     crystalline, 

dolomitic     110  150 

Limestone,     white     to     light-gray,     finely     crystalline, 

dolomitic,   slightly   sandy    150  100 

Dolomite,  tan  to  light-brown;   some  limestone  1G0  180 

Dolomite,  tan  to  brown,  finely  crystalline  180  200 

Silurian  System: 

Dolomite,  white  to  light-gray   200  370 

Dolomite,  light-tan  to  gray,  very  cherty  370  400 

Ordovician  System: 

Limestone,  light-tan  to  gray,  mottled  400  410 

17.  SE'/iSE^NWH  sec.  11,  T.  15  N.,  R.  4  E.   Surface  altitude  is  835  ft  (255  m). 

Water  well  (driller's  log). 

Depth   (ft) 

from  to 

Quaternary  System: 

Gritty  clay  (till)    0           .  46 

Gravel,    medium-sized     46  48 

Clay,  hard,  gritty    (till)    48  60 

Clay,  tough,  blue   (till)    60  115 

Clay,  hard,  gray,  gritty   (till)    115  160 

Devonian  System: 

Limestone,  blue    160  162 

Limestone,  broken  and  gray   162  165 

Limestone,  gray  and  blue  165  250 

Limestone,  broken,  porous   250  280 

Silurian  System: 

Limestone,    gray 280  350 

Limestone,  gray  and  soft,  "muddy"   350  355 

Limestone,  gray  and  hard   355  360 

Limestone,  gray  and  soft   360  365 

Limestone,  gray,  hard,  porous  in  spots  365  416 

18.  NW%SEUNWV4  sec.  6,  T.  15  N.,  R.  5  E.   Surface  altitude  is  849  ft  (259  m). 

Water  well  (modified  from  driller's  log). 

Depth   (ft) 

from  to 
Quaternary  System: 
Wisconsin  Stage: 

Clay,   gray,   bouldery    0  126 

Sand,  water-bearing   126  127 

Clay,  gray,  gritty 127  153 

Sand,    "muddy"    153  156 

Illinoian  Stage: 

Clay,  gritty,  brown   156  163 

Clay,  gritty,  gray  163  173 

Pre-Illinoian  Stage?: 

Clay,  gritty,  brown   173  203 

Devonian  System: 

Limestone     , 203  216 

•An   electric   log   of   this   hole   Is   on   open   tile  at   the   Indiana   Geological   Survey. 
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19.  Center   SW'yiSE'/i   sec.   21,   T.   15   N.,   R.   5   E.    Indiana   Geological    Survey 

auger  hole;  altitude  of  surface  is  SG3  ft  (2C3  m). 

Depth  (ft) 
from  to 

Till     0  11 

Gravel    11  21 

20.  Center  NWUNE'A   sec.   28,  T.   15   N.,  R.   5   E.    Indiana  Geological   Survey 

auger  hole;  altitude  of  surface  is  8G3  ft   (263  m). 

Depth   (ft) 
from  to 

Sand  and   gravel    0  15 

SI.    SEUSEUSEii  sec.  26,  T.  16  N.,  R.  2  E.,  360  ft  north  of  south  line  and  200 

ft  west  of  east  line.  Surface  altitude  is  735  ft  (224  m).  The  following 
log  of  an  oil  test  hole  is  a  generalization  of  a  more  detailed  record  on  file 
at  the  Indiana  Geological  Survey. 

Depth  (ft) 

from  to 
Quaternary  System: 

Clay,  sandy   0  12 

Gravel    12  22 

Hardpan     22  38 

Gravel    38  43 

Sand  and  gravel    43  68 

Clay,  soft   68  75 

Devonian  System: 

Shale,   black    75  196 

Limestone     196  316 

Silurian  System: 

Limestone,  shale,  and  dolomite  316  503 

Ordovician  System: 

Limestone,  shale,  and  dolomite   503  1,064 

Limestone   (Trenton  Limestone)    1,064  1,266 

22.  SW/iSWViNE'A  sec.  15,  T.  16  N.,  R.  3  E.,  100  ft  north  of  the  south  line  and 

100  ft  east  of  the  west  line.  Surface  elevation  is  700  ft  (214  m).  Oil  test 
hole  (modified  from  driller's  log).  Several  detailed  logs  of  bedrock 
materials  for  additional  wells  drilled  in  this  section  are  on  file  at  the 
Indiana  Geological  Survey. 

Depth  (ft) 

from  to 

Quaternary  System: 

Sand,  yellow   0  10 

Sand  and   gravel   '. 10  18 

Clay,  soft   18  23 

Devonian  System: 

Limestone     23  201 

Shale,   blue    201  204 

Silurian  System: 

Limestone,   hard    204  342 

Shale,   blue    342  351 

Limestone,    hard    351  365 

Ordovician  System: 

Limestone,  soft,  blue   365  385 

Limestone  and  shale   385  725 

Shale,    brown    725  877 

Limestone   (Trenton  Limestone)    877  894 

23.  SE'iNE'/iNW'iNW1/!  sec.  1,  T.  16  N.,  R.  4  E.    Altitude  of  surface  is  750 

ft   (228  m).    Hole  drilled  along  highway  shoulder. 

Depth  (ft) 
from  to 

Sand   and  gravel 0  48 

Till     •. 48 
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24.  NEViSW/iNEU  see.  12.  T.  1C  N.,  R.  4  E.   Surface  altitude  is  860  ft  (2G2  m). 

Water  well  (modified  from  driller's  log).  A  detailed  log  of  Indiana 
Geological  Survey  drill  hole  35.  in  the  NE%NW%SW%  sec.  18,  T.  1G  N., 
R.  4  E.,  is  on  open  file  at  the  Indiana  Geological  Survey.  Total  depth  of 
the  hole  is  372.5  ft. 

Depth   (ft) 

from  to 

Quaternary  System: 
Wisconsin  Stage: 

Hardpan,  gray  and  brown    (till)    o  15 

Hardpan,  gray   (till)    15  141 

Illinoian  Stage: 

Hardpan,  green    (till)    141  152 

Hardpan,   brown    (till)     152  1S4 

Devonian  System: 

Limestone,    brownish-gray    184  235 

Limestone,  brown    235  260 

Silurian  System: 

Limestone,  dark-gray,  hard    200  2S5 

Limestone,    gray    285  300 

25.  SWV4NWy4NEUSWVi  sec.  17,  T.  1G  N„  R.  4  E.    Indiana  Geological  Survey 

auger  hole;  altitude  of  surface  is  733  ft  (224  m). 

Depth  (ft) 
from  to 

Sand  and   gravel    0  67 

Till     67  75 

26.  NEMNW^SWVi   sec.  IS,  T.  16  N..  R.  4  E.    Indiana  Geological  Survey  drill 

hole  35,  drilled  beside  the  Conservation  Department  Building  at  the  State 
Fairgrounds,  completed  October  31,  1956.  Adapted  and  generalized  from 
a  log  prepared  by  John  B.  Patton.   Altitude  at  surface  735  ft. 

Depth   (ft) 
from  to 

Pleistocene  Series: 

GTavel    0.0  80.0 

Devonian  System: 
Jeffersouvillo  Limestone: 

Limestone,  white  to  cream,  chalky  to  finely  crystal- 
line;  some  beds  fossiliferous   (stromatoporoids  and 

cup  corals)    80.0  110.0 

Limestone,  light-gray  to  tan,  dense  to  chalky,  locally 
brecciatcd;     contains    carbonaceous    partings    and 

laminations no.O  125.9 

Sandstone,   light-gray,   medium-grained 125.9  126.3 

Limestone,  gray  to  tan,  chalky  to  fine-grained  and 
dense;  contains  bed  of  dark-gray  argillaceous  sand- 
stone near  top  and  a  sandy  zone  2.3  ft  from  top; 

lower  2  ft  laminated 126.3  13G.3 

Dolomite,  gray-brown,  finely  crystalline  to  saccaroidal      136.3  139.7 

Geneva  Dolomite: 
Dolomite,  light-  to  dark-brown,  finely  granular;   con- 
tains network  of  calcite  locally  banded  and  stylolitic       139.7  149.8 
Dolomite,  light-brown,  saccaroidal,  massive;   contains 

large  calcite  masses   149  g  15,  g 

Dolomite,   brown   to   gray,    granular;    contains    fossil 

molds  and  masses  of  white  calcite 154.6  162  4 

Silurian  System: 
Mississinewa  Shale: 
Limestone,  gray,  fine-grained,  massive,  silty;    locally 
contains  thin  bands  and  small  nodules  of  pyrite...       162.4  186.0 


Louisville  Limestone? 

(Core  not  recovered)    186.0  190.4 

Limestone,    interbedded    gray-tan,    finely    crystalline 

and  gray-green,  fine-grained,  silty- .- 190.4  199.7 

(Core   missing)    199.7  208.0 

Limestone,     gray,     granular,     argillaceous;     contains 

streaks  of  tan  crystalline  limestone 208.0  217.5 

(Core    missing)     217.5  221.4 

Limestone,  gray  to  light-brown;  contains  argillaceous 
partings  throughout,  shale  bed  in  upper  foot;  fine 
grained  to  medium  grained   221.4  245.4 

Limestone,    tan    to    gray,    fine-grained,    mottled    with 

dark    gray    245.4  268.0 

"Waldron  Shale?: 

Limestone,      light-gray,     finely     crystalline,     faintly 

mottled  and   banded    268.0  271.7 

Limestone,  gray,  argillaceous,  fossiliferous   271.7  274.3 

Laurel  Limestone?: 

Limestone,  light-gray,  granular,  dolomitlc   274.3  275.9 

Dolomite,  dark-gray  to  tan,  finely  crystalline,  stylo- 

litic,   vuggy    275.9  310.4 

Osgood  Formation  and    (or)    Brassfield  Limestone: 

Limestone,  light-gray,  fine-grained,  dolomitic;  lower 
part  contains  V4-in.  chert  seams  310.4  311.7 

Dolomite,  light-gray  to  tan;  contains  abundant  chert; 
partly   saccaroidal;    vuggy;    glauconitic    2    to    3    ft 

above  base   311.7  346.9 

Ordovician  System: 
Liberty  and  Waynesville  Formations?: 

Shale,  gray-green,  fossiliferous,  interbedded  with  lime- 
stone, tan  to  brown,  coarsely  crystalline,  fossilif- 
erous, especially  Ithynchotrcma  capax   346.9  353.3 

(Core  not  recovered)    353.3  355.7 

Limestone  and  shale;    green  waxy  shale  interbedded 

with  crystalline   fossiliferous   limestone    355.7  356.5 

Shale,  gray-green,  calcareous,  silty,  massive  to  fissile; 

lower  part  pyritic   356.5  369.6 

Limestone;  gray-green  argillaceous  limestone  inter- 
bedded with  dark-gray  argillaceous  to  finely  crystal- 
line limestone;  lower  3  ft  is  pyritic  and  contains 
calcite-lincd    vugs    369.6  374.2 

27.  SEViSEVi   sec.  32,  T.  16  N.,  R.  5  E.    Surface  altitude  is  850  ft    (259  m). 

Water  well  (modified  from  driller's  log). 

Depth   (ft) 

from  to 

Quaternary   System: 

Hardpan   (till)    ' 0  23 

Sand     23  38 

Hardpan   (till)    38  111 

Sand     Ill  112 

Hardpan   (till)    112  129 

Sand     129  130 

Hardpan  (till)  130  161 

Sand  161  185 

"Mud,"  red   (possibly  pre-Quaternary)    185  193 

Devonian  System: 

Limestone     193  250 

28.  NEViNW^SEU  sec.  34.  T.  17  X.,  R.  2  E.   Surface  altitude  is  S62  ft  (263  m). 

Water  well  (modified  from  driller's  log). 

Depth   (ft) 

from  to 
Quaternary   System: 

Glacial  drift    0  161 

Devonian  System: 

Shale,   black    161  233 

Limestone,  white  to  blue 233  345 

Limestone,  brown    345  353 
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29.  NEV4NE',<NE'i  Fec.  19,  T.  17  N„  II.  3  E.   Surface  altitude  is  SCO  ft  (2C2  m). 

Water  well    (modified   from  driller's  log).  ' 

Depth   (ft) 

from  to 

Quaternary   System: 

"Soil"     0  12 

Sandy    gravel    12  32 

Muddy  sand  and  gravel  (till)    32  79 

Sand     79  82 

Gravel   (no  water)    '.         82  90 

Muddy  sand  (till)    90  93 

Sand     93  104 

Muddy   sand    (till)    104  116 

Devonian  System: 

Shale,   black    116  167 

Limestone,  white,  hard   157  251 

Limestone,  white  and  brown  251  273 

Silurian  System: 

Limestone,  white  and  gray   273  361 

30.  SE'ISEUNW^  sec.  28,  T.  17  N.,  R.  4  E.   Surface  altitude  is  7S3  ft  (239  m). 

Water  well  (modified  from  driller's  log).  A  detailed  log  of  Indiana 
Geological  Survey  drill  hole  14,  in  the  NE'lNEViNWVi  sec.  20,  T.  17  N., 
R.  4  E.,  is  on  file  at  the  Indiana  Geological  Survey.  Total  depth  of  the 
hole  is  307.4  ft. 

Depth   (ft) 

from  to 

Quaternary  System: 

Till      0  15 

Sand     15  25 

Till     25  55 

Gravel   (some  water)    55  57 

Till     57  85 

Sand     85  113 

Till     113  135 

Devonian  System: 

Limestone     135  138 

31.  SW'/j   sec.  20,  T.   17  N.,  R.  5  E.,  1,320   ft  north  of  south  line  and  330  ft 

east  of  west  line.  Surface  altitude  is  770  ft  (235  m).  Gas  well  (modified 
from  driller's  log). 

Depth   (ft) 

from  to 

Quaternary  System: 

Till     0  36 

Sand  and   gravel    36  87 

Till     87  126 

Gravel    126  131 

Till     131  150 

Sand     150  156 

Clay,  red    (possibly  pre-Quaternary)    156  188 

Silurian  System: 

Limestone     188  218 

Shale      218  220 

Limestone,   blue  hard    220  299 

Ordovician  System: 

Shale,    blue 299  560 

Shale,  blue;  limestone  560  770 

Shale,    brown    770  866 

Limestone   (Trenton  Limestone)    866  870 
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32.    NE'/4NEV4  see.  30,  T.  17  N.,  It.  5  E.,  PGO  ft  south  of  north  line  and  1,050  ft 

west  of  east  line.    Gas  well    (condensed  and   simplified  from  geologist's 

log).    Surface  altitude  is   TGn   ft    (232  m).    Detailed   descriptions  of   the 

bedrock  materials  given  in  this  log  and  of  logs  of  holes  in  sec.  20  and  33 
are  on  file  at  the  Indiana  Geological  Survey. 

Depth   (ft) 

from  to 
Quaternary    System: 

Sand  and  gravel    0  9 

Clay,  yellow    (till)    9  20 

Clay,  gray    (till)    20  29 

Sand     29  70 

Gravel      70  81 

Sand  and  gravel    81  150 

Ti"     150  177 

Sand,    "soupy"    177  179 

Sand,   soft    179  isi 

Silurian  System: 

Limestone     Igl  216 

Shale     21C  220 

Limestone     220  292 

Ordovician  System: 

shale      292  293 

Limestone,    soft    293  304 

Limestone  alternating  with  shale   304  4S5 

Shale,    blue 455  570 

Limestone     570  57c 

Sh:il°      570  CS0 

Shale,    brown     CS0  8G3 

Limestone    (Trenton  Limestone)    863  9C3 
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